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PREFACE. 


My aim, in writing this work has been to give such an 
account of the development of animal forms as may prove 
useful both to students and to those engaged in embryo- 
logical research. The present volume, save in the intro- 
ductory chapters, is limited to a description of the develop- 
ment of the I nvertebrata : the second and concluding 
volume will deal with the Vertebrata, and with the 
special histories of the several organs. 

Since the work is, I believe, with the exception of a 
small but useful volume by Packard, the first attempt to 
deal in a complete manner with the whole science of 
Embryology in its recent aspects, and since a large 
portion of the matter contained in it is not to be found in 
the ordinaiy text books, it appeared desirable to give 
unusually ample references to original sources. I have 
accordingly placed at the end of each chapter, or in some 
cases of each section of a chapter, a list of the more 
important papers referring to the subject dealt with. The 
papers in each list are numbered continuously, and are 
referred to in the text by their numbers. These lists are 
reprinted as an appendix at the end of each volume. It 
will of course be understood that they do not profess to 
form a complete bibliography of the subject. 

B. II. ' B 


VI 


PREFACE. 

In order to facilitate the use of the work 1)y students 
1 have employed two types. The more general parts of 
the work are printed in large type; while a smaller tyix; 
is used for much of the theoretical matter, for the ddails 
of various special modes of development, for th(^. historicis 
of the less important forms, and for controversial matter 
generally. The student, especially when commencing his 
studies in Embryology, may advantageously confine his 
attention to the matter in the larger type; it is of course 
assumed that he already possesses a competent knowledge 
of Comparative Anatomy. 

Since the theory of evolution became accepted as an 
established doctrine, the important bearings of Embryo- 
logy on all morphological views have been universally 
recognised ; but the very vigour with which this depart- 
ment of science has been pursued during the last few 
years has led to the appearance of a large number of 
incomplete and contradictory observations and theories ; 
and to arrange these into anything like an orderly and 
systematic exposition has been no easy task. Many 
Embryologists will indeed probably hold that any attempt 
to do so at the present time is premature, and therefore 
doomed to failure. I must leave it to others to decide 
how far my effort has been justified. That what I have 
written contains errors and shortcomings is I fear only 
too certain, but I trust that those who are most capable 
of detecting them will also be most charitable in excusing 
them. 

The work is fully illustrated, and most of the figures 
have been especially engraved from original memoirs or 
from my own papers or drawings by Mr Ceilings, who 
has spared no pains to render the woodcuts as ck;ar and 



PREFACE. 


vii ■■I 

— ' ! 

intelligible as possible. I trust my readers will not be 
disappointed with the results. The sources from which ; 

the woodcuts are taken have been in all cases acknow- ! 

lodged, and in the cases where no source is given the | 

illustrations are my own. 

I take this opportunity of acknowledging my great [ 

obligations to Professors Agassiz, Huxley, Gegenbaur, [ 

Lankester, Turner, Kolliker, and Claus, to Sir John [ 

Lubbock, Mr Moseley, and Mr P. H, Carpenter, for the ! 

use of electrotypes of woodcuts from their works. [ 

I am also under great obligations to numerous friends | 

who have helped me in various ways in the course of my 1 

labour. Professor Kleinenberg, of Messina, has read j 

through the whole of the proofs, and has made numerous I 

valuable criticisms. My friend and former pupil, Mr 
Adam Sedgwick, has been of the greatest assistance to 
me in correcting the proofs. I have had the benefit of 
many useful suggestions by Professor Lankester es- 
pecially in the chapter on the Mollusca, and Mr P. H. 

Carpenter has kindly revised the chapter on the Echino- i; 

dermata. I 

I am also much indebted to Dr Michael Foster, Mr I 

Moseley, and Mr Dew-Smith for aid and advice. > 
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INTRODUCTION. 

Embryology forms a large and important department of 
Biology. Strictly interpreted according to the meaning of the 
word, it ought to deal with the growth and structure of organisms 
during their development within the egg membranes, before they 
are capable of leading an independent existence. Modern in- 
vestigations have however shewn that such a limitation of the 
science would have a purely artificial character, and the term 
Embryology is now employed to cover the anatomy and physi- 
ology of the organism during the whole period included between 
its first coming into being and its attainment of the adult state. 

The subject-matter of the science of Embryology admits of a 
twofold classification. It may be placed under a series of heads, 
each dealing either with a special group of organisms, or with a 
special department of the whole science. If classified in the 
first of these ways the science will naturally be divided into 
an Embryology of Plants, and an Embryology of Animals ; each 
of which admits of further subdivision. In the second way 
the subject falls under two primary heads; viz. Physiological 
Embryology and Anatomical Embryology. 

The present treatise deals only with the Embryology of 
Animals, and is further confined to those animals known as 
Metazoa. The science is moreover treated from the morpho- 
logical or anatomical, rather than from the physiological side. 
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The marvellous phenomenon of the evolution of a highly 
complicated living being from a simple undifferentiated germ in 
which it needs the aid of the most modern microscopical appli- 
ances to detect any visible signs of life, has not unnaturally 
attracted the attention of biologists from the very earliest periods. 
Before the establishment of the cell theory the origin of the 
organism from the germ was not known to be an occurrence 
of the same nature as the growth of the fully formed individual, 
and Embryological investigations were mixed up with irrelevant 
speculations on the origin of life ^ 

The difficulties of understanding the formation of the indivi- 
dual from the structureless germ led anatomists at one time to 
accept the view “according to which the embryo preexisted, 
“ even though invisible, in the ovum, and the changes which 
“ took place during incubation consisted not in a formation of 
“ parts, but in a growth, i.e. in an expansion with concomitant 
“ changes of the already existing germ.” 

Great as is the interest attaching to the simple and isolated 
life histories of individual organisms, this interest has been 
increased tenfold by the generalizations of Mr Charles Darwin. 

It has long been recognized that the embryos and larvje 
of the higher forms of each group pass, in the coui'se of their 
development, through a series of stages in which they more 
or less completely resemble the lower forms of the group*'*. 
This remarkable phenomenon receives its explanation on Mr 
Darwin's theory of descent. There are, according to this theory, 
two guiding, and in a certain sense antagonistic principles which 
have rendered possible the present order of the organic world. 
These are known as the laws of heredity and variation. The 
first of these laws asserts that the characters of an organism 

To this general statement Wolff forms a remarkable exception, for though 
without any clear knowledge of what we call cells he had very distinct notions on the 
relations of growth and development. 

- Von Baer who is often stated to have established the above generalization really 
maintained a somewhat different view. He {Ueber Entwickehmgsgeschichte d. 
Thierc, p. 224) that the embryos of higher forms never resembled the adult stages of 
lower forms but mei'ely the embryos of such forms. Von Baer was mistaken in thus 
absolutely limiting the generalization, but his statement is much more nearly true than 
a definite statement of the exact similarity of the embryos of higher forms to the 
adults of lower ones. 
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at all stages of its existence are reproduced in its descendants at 
corresponding stages. The second of these laws asserts that 
offspring never exactly resemble their parents. By the common 
action of these two principles continuous variation from a parent 
type becomes a possibility, since every acquired variation has a 
tendency to be inherited. 

The remarkable law of development enunciated above, which 
has been extended, especially by the researches of Huxley^ and 
Kowalevsky, beyond the limits of the more or less artificial 
groups created by naturalists, to the whole animal kingdom, is a 
special case of the law of heredity. This law, interpreted in 
accordance with the theory of descent, asserts that each organism 
in the course of its individual ontogeny repeats the history of its 
ancestral development. It may be stated in another way so as 
to bring out its intimate connection with the laws of inheritance 
and variation. Each organism reproduces the variations inherited 
from all its ancestors at successive stages in its individual 
ontogeny which correspond with those at which the variations 
appeared in its ancestors. This mode of .stating the law .shews 
that it is a necessary consequence of the law of inheritance. 
The above considerations clearly bring out the fact that Com- 
parative Embryology has important bearings on Phylogeny, or 
the history of the race or group, which constitutes one of the 
most important branches of Zoology. 

Were it indeed the case that each organism contained in its 
development ajFull record of its origin, the problems of Phylogeny 
would be in a fair way towards solution. As it is, however, the 
law above enunciated is, like all physical laws, the statement of 
what would occur without interfering conditions. Such a state 
of things is not found in nature, but development as it actually 
occurs is the resultant of a series of influences of which that of 
heredity is only one. As a consequence of this, the embryo- 
logical record, as it is usually presented to us, is both imperfect 
and misleadi^' It may be compared to an ancient manuscript 
with many of the sheets lost, others displaced, and with spurious 
passages interpolated by a later hand. The embryological 

^ Huxley was the first to shew that the body of the Coelenterata was formed of 
two layers, and to identify these with the two primary germinal layers of the Verte- 
brata. 
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record is almost always abbreviated in accordance with the 
tendency of nature (to be explained on the principle of survival 
of the fittest) to attain her ends by the easiest means. The time 
and sequence of the development of parts is often modified, and 
finally, secondary structural features make their appearance 
to fit the embryo or larva for special conditions of existence. 
When the life history of a form is fully known, the most difficult 
part of his task is still before the scientific embryologist. Like 
the scholar with his manuscript, the embryologist has by a 
process of careful and critical examination to determine where 
the gaps are present, to detect the later insertions, and to place 
in order what has been misplaced. 

The aims of Comparative Embryology as restricted in the 
present work are two-fold: (i) to form a basis for Phylogeny, 
and (2) to form a basis for Organogeny or the origin and 
evolution of organs. The justification for em|)loying the results 
of Comparative Embryology in the solution of the problems in 
these two departments of science is to be found in the law above 
enunciated, but the results have to be employed with the quali- 
fications already hinted at ; and in both cases a knowledge of 
Comparative Anatomy is a necessary prelude to their application. 

In accordance with the above objects Comparative Embryo- 
logy may be divided into two departments. 

The scientific method employed in both of these departments 
is that of comparison, and is in fact fundamentally the same as 
the method of Comparative Anatomy. By this method it 
becomes possible with greater or less certainty to distinguish 
the secondary from the primary or ancestral embryonic characters, 
to determine the relative value to be attached to the results of 
isolated observations, and generally to construct a science out of 
the rough mass of collected facts. It moreover enables each 
observer to know to what points it is important to direct his 
attention, and so prevents that simple accumulation of dis- 
connected facts which is too apt to clog and hinder the advance 
of the science it is intended to promote. 

In the department of Phylogeny the following are the more 
important points aimed at. 

(i) To test how far Comparative Embryology brings to 
light ancestral forms common to the whole of the Metazoa. 
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Examples of such forms have been identified by various embryo- 
logists in the ovum itself, supposed to represent the unicellular 
ancestral form of the Metazoa : in the ovum at the close of 
segmentation regarded as the polycellular Protozoon parent 
form : in the two-layered gastrula, etc., regarded by Haeckel as 
the ancestral form of all the Metazoa \ 

(2) How far some special embryonic larval form is con- 
stantly reproduced in the ontogeny of the members of one or 
more groups of the animal kingdom ; and how far such larval 
forms may be interpreted as the ancestral type for those groups. 

As examples of such forms may be cited the six-limbed 
Nauplius supposed by Fritz Muller to be the ancestral form 
of the Crustacea ; the trochosphere larva of Lankester, which he 
considers to be common to the Mollusca, Vermes, and Echino- 
dermata : the planula of the Ccelenterata, etc, 

(3) How far such forms agree with living or fossil forms in 
the adult state ; such an agreement being held to imply that 
the living or fossil form in question is closely related to the 
parent stock of the group in which the larval form occurs. It is 
not easy to cite examples of a very close agreement of this kind 
between the larval forms of one group and the existing or fossil 
forms of another. The larvae of some of the Chaetopoda with 
long provisional setae resemble fossil Chaetopods. The Rotifers 
have many points of resemblance to the trochosphere, especially 
to that form of trochosphere characteristic of the Mollusca. The 
Turbellarians have some features in common with the Coelente- 
rate planula. Some of the Gephyrea in the presence of a 
praeoral lobe resemble certain trochosphere types. The larva 
of the Tunicata has the characters of a simple type of the 
Chordata. 

Within the limits of a single group agreements of this 
kind are fairly numerous. In the Craniata the tadpole of 
the Anura has its living representative in the Pisces and perhaps 
especially in the Myxinoids. The larval forms of the Insecta 
approach Peripatus. The stalked larva of Comatula is re- 
produced by the living Pentacrinus and Rhizocrinus etc. 

^ The value of these identifications as well as of those below is discussed in its 
appropriate place in the body of the work. Their citation here is not to be regarded 
as necessarily implying my acceptance of them. 
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Numerous examples of the same phenomenon are found amongst 
the Crustacea. 

(4) How far organs appear in the embryo or larva which 
either atrophy or become functionless in the adult state, and 
which persist permanently in members of some other group or 
in lower members of the same group. Cases of this kind are of 
the most constant occurrence, and it is only necessary to cite 
such examples as the gilhslits and Wolffian body in the embryos 
of higher Craniata to illustrate the kind of instance alluded to. 
The same conclusions may be drawn from them as from the 
cases under the previous heading. 

(5) How far organs pass in the course of their development 
through a condition permanent in some tower form. Phylo- 
genetic conclusions may be drawn from instances of this cha- 
racter, though they have a more important bearing on Organology 
than on Phytogeny. 

The considerations which were used to shew that .the an- 
cestral history is reproduced in the ontogeny of the individual 
apply with equal force to the evolution of organs. The special 
questions in Organology, on which Comparative Embryology 
throws light, may be classified under the following heads. 

(i) The origin and homologies of what are known as the 
germinal layers ; or the layers into which the embryo becomes 
divided immediately after the segmentation. 

(3) The origin of primary tissues, epithelial, nervous, mus- 
cular, connective, etc., and their relation to the germinal layers. 

(3) The origin of organs. The origin of the primitive 
organs is intimately connected with that of the germinal layers. 
The first differentiation of the segmented ovum results in the 
cells of the embryo becoming arranged as two layers, an outer 
one known as the epiblast and an inner one as the hypoblast. 
The outer of these forms a primitive sensory organ, and the 
inner a primitive digestive organ. 

(4) The gradual evolution of the more complicated organs 
and systems of organs. 

This part of the subject, even more than that dealing with 
questions of Phylogeny, is intimately bound up wdth Com- 
parative Anatomy; without which indeed it become.s quite 
meaningless, 
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Reproduction. 

A study of reproduction logically precedes that of Embry- 
ology. Reproduction essentially consists in the separation of a 
portion of an organism which has the capacity of developing into 
a form similar to that which gave it origin. The simplest 
modes of reproduction are those which occur amongst the 
Protozoa. 

In this group, reproduction may take place in a great variety 
of ways. These may be classified in three groups; (i) fission, 
(2) budding or gemmation, (3) spore formation. 

Reproduction in all these ways may take place either subse- 
quently to and apparently in consequence of a very important 
process known as conjugation, which consists in the temporary 
or permanent fusion of two or more individuals, or spontane- 
ously, ie, independently of any such previous conjugation. 

Reproduction by fission consists simply in the division of the 
organism into two similar parts, the nucleus when present 
becoming divided simultaneously with the cell body. This 
mode of reproduction is the simplest conceivable, and is not 
followed by a development, since the two organisms produced 
are exactly similar, excejpt in size, to the parent form. Besides 
single fission, a process of multiple fission may take place, as 
amongst the Flagellata, where Drysdale and Dallinger have 
shewn that an individual enclosed within a structureless cyst 
may divide first into two, then into four, and so on. 

The process of budding differs mainly from that of simple 
fission in the fact that the two organisms produced are dissimilar 
in size, and also that the separation of the smaller organism 
from the larger is preceded by a process of growth in the latter, 
so that in the separation of the bud no essential part of the 
parent form is removed. This mode of reproduction is found 
amongst the Infusoria, Acineta, &c. An interesting variation in 
it is the internal gemmation of many of the Acineta, where a 
portion of the internal protoplasm with part of the nucleus is 
separated off to form a fresh individual. This mode of gemma- 
tion is connected by a series of gradations with the normal 
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external gemmation. The organisms produced by gemmation 
are not always similar at. birth to the parent ; c.g. Acincta. 

Both fission and gemmation when incomplete lead to the 
formation of colonies. 

The third mode of repi'oduction, by spore formation, docs 
not essentially differ from that by multiple fission. It consists 
in the breaking up of the organisms into a number (usually very 
considerable) of portions ; each of which eventually developcs 
into an organism like the parent form. All gradations between a 
simultaneous division of the organism into such spores and simple 
multiple fission are to be found, but this process of reproduction 
may be sometimes distinguished from that by such fission by 
the fact that the two processes may coexist in a single form, 
e.g. the biflageliate monad of Drysdale and DalHnger. In the 
majority of cases the spores produced differ at first from the 
parent organism not only in size but in other points, such as the 
possession of a flagellum, etc. They may even be without a 
nucleus when the parent organism is nucleated, as in the Gre- 
garinidae. 

The encystment, which in many cases precedes reproduction 
by any of the above processes, and more especially by 
spores, is not an essential condition of their occurrence; and is 
probabty in the first instance a protective arrangement which 
has become secondarily adapted to and connected with re- 
production. 

As has been already stated, all the above modes of reproduc- 
tion take place in some of the Protozoa without any anterior 
process which can be regarded as of a sexual nature ; but very 
often they are preceded by the temporary or permanent fusion 
of two or more individuals, such fusion being known as con- 
jugation. 

In most cases reproduction by spores is the conseciuence of 
conjugation, but in the Infusoria etc. where the fusion at conju- 
gation is temporary (except Vorticella), there is probably merely 
a renewed activity— -a rejuvenescence—which most likely results 
in active fission or budding. In the Gregarinidas reproduction 
by spores usually follows conjugation, but may also take place 
without it. In some Flagellata reproduction by spores follows 
the conjugation of two individuals in a different stage of de- 
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velopmcnt. Thus in the springing Monad, described by 
Drysdalc and Dallinger, a form produced by the fission of a 
monad in an amoeboid condition fuses with an ordinary monad 
to produce an individual, which then breaks up into spores. 
Another instance of the fusion of dissimilar individuals is 
afforded by Vorticella, where a free-swimming individual conju- 
gates and is permanently united with a fixed one (Engelmann, 
BUtschli). Conjugation often consists in the fusion of more than 
two individuals. In conjugation where the fusion is permanent, 
the nuclei of the conjugating forms usually unite before the 
product breaks up into spores ; and where temporary fusion 
occurs in the Infusoria a division of the paranuclei and often of 
the nuclei takes place, followed by the ejection of parts of them, 
and a reproduction of new paranuclei and nuclei from the 
remainder of the original structures. 

In order to understand the meaning of conjugation in con- 
nection with reproduction, it is important to understand how the 
two became in the first instance related. For the solution of 
this question the fact that many Protozoa have the capacity of 
temporarily or permanently fusing together without an imme- 
diate act of reproduction is of great importance, A good example 
of such fusion is supplied by Actinoplirys. We must suppose in 
fact that the simple coalescence of two or more individuals gives 
a sufficient amount of extra vigour to their product, to compen- 
sate the race for the loss in number of individuals so caused. 
This extra vigour probably first exhibited itself especially by 
increased activity in reproduction, till finally the two processes, 
viz. that of conjugation and that of reproduction, came to be 
inseparably connected together. 

The reproduction of the forms above the Protozoa, which are 
known as the Metazoa, takes place by two methods, viz. a sexual 
and an asexual one. The sexual process, which occurs in every 
known Metazoon^, consists essentially, as is shewn in the second 
chapter of this work, in the fusion of two cells budded off from 
the parent organism, viz. the female cell or ovum, and the male 
cell or spermatozoon, and of the subsequent division of the 
compound cell so produced into a number of parts which build 

^ Dicyema, if it is a true Metazoon, would seem to form an exception to this rule. 
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themselves up into an organism resembling one of the parents. 
The sexual process has obviously at first sight a very close 
resemblance to the process of conjugation. Since it is a ques- 
tion of fundamental importance to determine how sexual repro- 
duction originated, it becomes necessary to examine how far 
this apparent resemblance is a real one, and how far sexual 
reproduction can be derived from reproduction following upon 
conjugation. 

In spite of the general similarity between the two processes 
there is an obvious difficulty in comparing them, in that the 
result of conjugation is usually the breaking up of the individual 
formed by the fusion of two other individuals into a number of 
new organisms, while the result of the fusion which takes place 
in sexual reproduction is the formation of a single new organism. 
This difference between the two processes, great as it is, is per- 
haps apparent rather than real. It must be remembered that a 
single individual Metazoon is equivalent to a number of Protozoa 
coalesced to form a single organism in a higher state of aggre- 
gation. It results from this that the segmentation of the ovum 
which follows the sexual act may be compared to the breaking 
up of the product of conjugation into spores, the difference 
between the two processes consisting in the fact that in the one 
case the spores separate each to form an independent organism, 
while in the other they remain united and give rise to a single 
compound organism. 

If the above considerations are well founded it seems permis- 
sible to accept the general view according to which sexual 
reproduction is derived from conjugation. It is necessary to 
suppose that, in a colony of Protozoa in the course of becoming 
a Metazoon, the capacity of reproduction by spores became 
localized in certain definite cells, and although the formation of 
spores from these cells may have been possible without previous 
conjugation, yet that conjugation gradually became established 
as the rule. The differentiation of primitively similar conjugating 
cells into male and female cells was probably a very early occur- 
rence, since indications of an analogous differentiation, as has 
already been mentioned, are found in certain existing Protozoa 
(Monads, Vorticella, etc.). I have attempted to shew in the 
second chapter that the breaking up of the cell into spores 
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without previous conjugation is perhaps provided against in the 
extrusion of the so-called ‘ directive body 

With the differentiation of special germinal cells, to take the 
place of the whole individual in the act of conjugation, the pos- 
sibility of each act of conjugation resulting in the production of 
only a single organism became introduced, Germinal cells can 
be indefinitely produced, and the reproductive capacity of a 
single individual is therefore unlimited ; while if two whole 
individuals conjugated and only produced from the process, 
the result would be a diminution instead of an increase in the 
raceh 

It must be admitted that, in the present state of our know- 
ledge, the passage from reproduction by spores following con- 
jugation, to true sexual reproduction, can only be traced in a 
very speculative manner, and that a further advance in our 
knowledge may prove that the steps which I have attempted to 
sketch out are far from representing the true origin of sexual 
differentiation. The peculiar conjugation and fusion of two 
individuals to form Diplozoo^i paradoximi may be alluded to in 
this connection. This fusion merely results in the attainment 
of sexual maturity by the two conjugating individuals. - It does 
not appear to me probable that this conjugation is in any way 
connected with the conjugation of the Protozoa, but the reverse 
must be borne in mind as a possibility. 

It is not easy to decide whether the hermaphrodite or the 

^ In the vegetable kingdom there are numerous types of Thallophytes, which 
throw a considerable amount of light on the relation between sexual reproduction and 
conjugation. Subjoined are a few of the more striking cases. In Pandorina at the 
time of sexual reproduction the cells which constitute a colony divide each into sixteen, 
and the products of their division are set free. Pairs of them then conjugate and 
permanently fuse. After a resting stage the protoplasm is set free from its envelope 
after division into two or four parts. Each of these then divides into sixteen coherent 
cells and constitutes a new Pandorina colony. In OEdogonium the fertilization is 
effected by a spermatozoon fusing with an oosphere (ovum). The fertilized oosphere 
(oospore) then undergoes segmentation like the ovum of an animal; but the segments, 
instead of uniting to form a single organism, separate from each other, and each of 
them gives rise to a fresh individual (swarm-spore) which grows into a perfect Qido- 
gonium. In Coleochmte the impregnation and segmentation take place nearly as in 
Qildogonium, but the segments remain united together, acquire definite cell walls, and 
form a single embryo. There is in fact in Coleochiete a true sexual reproduction of 
the ordinary type. { Vide S. H. Vines “On alternation of generation in the Thallo- 
phytes.” ybtirnal if Botany, liov,, iS'jg.) 
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dioecious state is the primitive one, or in other words whether 
the two conjugating cells, from which I have supposed the 
sexual products to originate, were derived in the first instance 
from one or from two colonies of Protozoa. On purely a priori 
grounds it seems probable that they were originally formed in 
one colony, and that their derivation from two colonies or 
individuals was inaugurated when the spermatozoon became 
motile. There can be no doubt that the dicecious state is a 
very early one, and that the majority of existing cases of herma- 
phroditism are secondary. 

The above considerations with reference to the male and 
female cells appear to indicate that they were primitively 
^ homodynamous ; a conclusion which is on the whole borne out 
by the history of their development. 

Although the modes of reproduction amongst the Metazoa 
have been divided into the classes sexual and asexual, there is 
nevertheless one mode of asexual reproduction which ought to 
be classified with the sexual rather than with the asexual 
modes. I mean parthenogenesis, which consi-sts essentially in 
the development of the ovum into a fresh individual without 
previous coalescence with the male element. This mode of 
reproduction, which has a very limited range in the animal 
kingdom, being confined to the Arthropoda and Rotifera, is 
undoubtedly secondarily derived from sexual reproduction. The 
conditions of its occurrence are discussed in the second chapter. 

It is remarkable that in certain cases the absence of fertiliza- 
tion causes the production of males (Bees, a Saw-fly, Nematus 
ventricosus, etc.); more usually it results in the production of 
females only, and there are very often in the Arthropoda a 
series of successive generations of females all producing ova 
which develope parthenogenetically into females; eventually 
however, usually in direct or indirect connection with a change 
of food or temperature, or other conditions, ova are formed 
which give rise without fertilization both to males and females. 

The true asexual modes of reproduction amongst the Afetazoa 
consist of fission and gemmation. Gemmation is by far the most 
widely disseminated of the two. Various as are the methods in 
which it takes place, it seems nevertheless that cells derived from 
all the germinal layers, and very frequently from all the im- 


INTRODUCTION. 


13 


portant organs of the adult, assist in forming the bud. Into the 
details of the process, which require in many points a fuller 
elucidation, it is not my purpose to enter. 

Gemmation is a far commoner occurrence amongst the 
simpler than amongst the more highly organised forms. It 
appears to have been superadded to the sexual mode of repro- 
duction quite independently in a number of different instances. 

While there is no difficulty in understanding how gemmation 
may have started in such simple types as the Ccelenterata, the 
manner in which it first originated in certain highly organised 
forms, as for instance the Ascidians, is somewhat obscure, but it 
seems probable that it began with the division of the developing 
germ into two or more embryos, at a very early stage of growth. 

Such a division of the germ is, as has been shewn by 
Kleinenberg, normal in Lumbricus trapezoides^ and Haeckel 
has shewn that an artificial division of the germ in the Siphono- 
phora leads to the development of two individuals. It has been 
pointed out by various naturalists that the production of double 
monsters is often a phenomenon of the same nature. While it 
is next to impossible to understand how production of a bud 
could commence for the first time in the adult of a highly 
organised form, it is not difficult to form a picture of the steps 
by which the fission of the germ might eventually lead to the 
formation of buds in the adult state. 

The coexistence of sexual reproduction with normal asexual 
multiplication, or with parthenogenesis, has led to a remarkable 
phenomenon in the animal kingdom known as alternations of 
generations'^ 

For the details of the various types of alternations of 
generations, and their origin, the reader is referred to the body 
of the work ; but a few general remarks on the nature and origin 
of the process, and on its nomenclature, may conveniently be 
introduced in this place. The simplest cases are those in which 

1 The case of Pyrosoma, which might be cited in this connection, is probably 
secondary. 

For an excellent account of this subject, vide Allen Thompson’s article Ovum in 
Todd’s Cyclopedia. The metamorphosis of the Echinoderms included under this 
head in Thompson’s article is now knovvm. not tb be a proper case of alternations of 
generations. 
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an individual which produces by sexual means gives origin to 
asexual individuals differently organised to itself, which produce 
by budding the original sexual form, and so complete a cycle. 
Instances of this kind are supplied by the Hydrozoa, Annelida 
and Tunicata. In the case of the Tunicata (Doliolum) two 
different asexual generations may be interpolated between the 
sexual generations. In all these cases the origin of the pheno- 
menon is easily understood. It appears, as is most clearly 
shewn in the case of the Annelida, that the ancestors of the 
species which now exhibit alternations of generations originally 
reproduced themselves at the same time both sexually and by 
budding, though pi'obably the two modes of reproduction did 
not take place at the same season. Gradually a differentiation 
became established, by which sexual reproduction was confined 
to certain individuals, which in most instances did not also 
reproduce asexually. After the two modes of reproduction 
became confined to separate individuals, the dissimilarity in 
habits of life necessitated by their diverse functions caused a 
difference in their organization ; and thus a complete alter- 
nation of generations became established. The above is no 
merely speculative history, since all gradations between com- 
plete alternations of generations and simple budding combined 
with sexual reproduction can be traced in actually existing forms. 

The alternation of generations as it is found amongst the 
Entoparasitic Trematodes and most Cestodes, is to be explained 
in a slightly different way. 

It appears that in these parasitic forms a complicated meta- 
morphosis first arose from the parasite having to accommodate 
itself to the different hosts it was compelled to inhabit, owing to 
the liability of its primitive and subsequent hosts to be devoured^ 
A capacity for asexual multiplication — obviously of immense 
advantage to a parasite- — appears to have been acquired in some 
of the stages of this metamorphosis, and an alternation of 
generations thus established. 

^ The appearance of Vevtebrata on the globe as the forms which most frequently 
preyed on Invertebrate forms, and were themselves not so liable to be devoured, lias 
no doubt had a great influence on the metamorphosis of internal parasites, and has 
amongst other things resulted in these parasites usually reaching their sexual state in 
a vertebrate host. . 
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A nearly parallel series to that exhibiting alternations of 
sexual generations with generations which produce by budding 
is supplied by the cases where sexual generations alternate with 
parthenogenetic ones, or in some instances even with larvje 
which reproduce sexually or else parthenogenetically. 

The best known examples of this form of alternations of 
generations are found amongst the Insectah A simple case 
is that of the Aphides. The ova deposited by impregnated 
females give rise to forms differently organised to the parents 
but provided with an ovary®. The eggs from the ovary develope 
parthenogenetically within the oviduct, and so long as there 
is plenty of food and warmth the generations produced are 
always parthenogenetic forms. The failure of warmth and 
nutriment causes the production of true males and females, and 
so the cycle is completed. We must suppose that the capacity 
possessed by so many female insects of producing eggs capable 
of developing without the influence of the male element, has 
been, so to speak, taken hold of by natural selection, and has led 
to the production of viviparous parthenogenetic forms, by which, 
so long as food is abundant, a clear economy in reproduction is 
effected. The continuance of the species during winter is secured 
by the production of males and females, the females laying eggs 
in autumn which are hatched in the spring. 

In Chermes there is less modification of the primitive condi- 
tion in that the parthenogenetic generations lay their eggs like 
the impregnated females. In the gall-flies (Cynipidae), there is 
frequently an alternation of generations of the same kind as in 
Chermes ; there being no viviparous forms. The individuals of 
the different generations differ from each other to some extent 
in all these cases. 

A second type of alternations of parthenogenetic and sexual 
generations is exemplified by the cases of Chironomus and 
Cecidomyia, where the larvcs which develope from the eggs of 
the fertilized female produce parthenogenetically, by means of 
true ova, forms which eventually after several generations (Ceci- 
domyia) of larval reproduction give rise to sexual forms. The 

1 For details vid& Chapter on Insecta. 

The distinction drawn by Huxley between ova and pseudova does not appear to 
me a convenient one in practice. 


i6 


EMBRYOLOGY. 


explanation is here practically the same as in the case of Aphis, 
and is paralleled in the gemmiparous series by the production of 
huds in the larval forms of Trematodes, etc. A very similar 
occurrence takes place in Ascaris nigrovenosa chapter on 
Nematoidea), except that larval forms, which carry on reproduc- 
tion and then perish without developing farther, do so by a true 
sexual process. Thus there is an alternation of generations of 
adult and larval sexual forms. The Axolotl is an intermittent 
example of the same phenomenon. 

As might be anticipated from the mode in which alternations 
of generations have become established, incomplete approxi- 
mations to it are not uncommon. Such approximations are 
especially found in the Arthropoda, where alternations of sexual 
and parthenogenetic generations frequently take place, in which 
the individuals of different generations are similarly organised 
(Psychidm, Apus, &c.). Another approximation is afforded by 
the parthenogenetic winter eggs of Leptodora apongst the 
Phyllopods, which give rise to Nauplius larvse, while the young- 
hatched from the summer eggs do not pass through a meta- 
morphosis. Numerous transitional cases are also found amongst 
the forms in which there is an alternation of sexual and gemmi- 
parous generations. 

The whole of the cases to which allusion has been made in 
this section may be conveniently classed under the term alterna- 
tions of generations, but the cases of alternation of two sexual 
generations, and of sexual and parthenogenetic generations, 
are classified by Leuckart, Claus, etc. as cases of heterogeny, 
which they oppose to the other form of alternation of genera- 
tions. If special terms are to be adopted for the two kinds of 
alternation of generations, it would be perhaps convenient to 
classify the cases of alternations of sexual and gcmmiparous 
generations under the term metagen esi.s, and to employ the 
term heterogamy for the cases of alternation of sexual and 
parthenogenetic generations. 

The term Nurse (German Amme), employed for the asexual 
generations in metagenesis, may advantageously be dropped 
altogether. 
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THE OVUM AND SPERMATOZOON. 


The Ovum. 

The complete developmental history of any being constitutes 
a cycle. It is therefore permissible in treating of this history to 
begin at any point. As a matter of convenience the ovum ap- 
pears to be tie most suitable point of departure. The question 
as to the germinal layer from which it is ultimately derived is 
dealt with in a subsequent part of the work ; the present chapter 
deals with its origin and growth. 

General History of the Ovum. 

Every young ovum (fig. i) has the cha- 
racter of a simple cell. It is formed of a 
nqass of naked protoplasm {a), containing 
in its interior a nucleus (b), within which 
there is a nucleolus (c). The nucleus and 
nucleolus are usually known as the ger- 
minal vesicle and germinal spot. 

The ovum so constituted is developed 
either (i) from one cell out of an aggrega- 
tion or layer of cells all of which have the 
capacity of becoming ova; or (2) from one 
out of a number of cells segmented off 
from a polynuclear mass of protoplasm, not divided into sepa- 
rate cells. In both cases the cells which have the capacity of 
becoming ova may be spoken of as germinal cells, and in the 
case where the ova are ultimately developed from a poly- 



Fig. 1. Diagram OF 
THE Ovum. (From Ge- 
genbarir.) 

a. Granular proto- 
plasm. b. Nucleus (ger- 
minal vesicle], c. Nu- 
cleolus (germinal spot). 
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nuclear mass of protoplasm the latter structui'e may be called a 
germogen. 

In some cases the whole of the germinal cells eventually 
become ova, but as a rule only a small proportion of them have 
this fate, the remainder undergoing various changes to be spoken 
of in the sequel. 

Extended investigations have shewn that the distinction 
between germinal cells which are independent cells from the 
first, or derived from a germogen in which the nucleated proto- 
plasm is not divided into cells, is an unimportant one; and 
closely allied forms may differ in this respect. It is moreover 
probable that a germogen of nucleated protoplasm is less com- 
mon than is often supposed : it being a matter of great difficulty 
to determine the structure of the organs usually so described, 
A germogen is stated to be found in most Platyclminthes, 
Nematoidea, Discophora, Insecta, and Crustacea. 

A more imjDortant distinction in the origin ofii'thc germinal 
cells is that afforded by their position. In this respect three 
groups may be distinguished, (i) The germinal cells may form 
the lining of a sack or tube, having the form of a syncytium or 
of an epithelium of separate cells (Platyclminthes, Mollusca, Ro- 
tifera, Echinodermata, Nematoidea, Arthropoda). (2) Or they 
may form a specialized part of the epithelium lining the general 
body cavity (Cluetopoda, Gephyrea, Vertebrata). (3) Or they 
may form a mass placed between the two elsewhere contiguous 
primitive germinal layers (Coelenterata^). 

Types of transition between the first and second group arc 
not uncommon. Such types, properly belonging to the second 
group, originate by a special membranous sack continuous with 
the oviduct being formed round the primitively free patch of 
germinal cells. Examples of this are afforded by the Discophora, 
the Teleostei, etc. It is very probable that all the cases which 
fall under the first heading may have been derived from types 
which belonged to the second group. 

The mode of conversion of the germinal cells into ova is 
somewhat diverse. Before the change takes place the germinal 

In all the Metazoa the generative organs arc placed Ijetwccn the priinitive 
germinal layers ; and the peculiarity of their position in the Coelenterata dejicnds on 
the absence of a body cavity and of a distinct mesoblast. 
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cells frequently multiply by division. The 
change itself usually involves a considerable 
enlargement of the germinal cell, and gene- 
rally a change in the character of the ger- 
mmal vesicle, which in most young ova Carmarina (Geryo- 
(fig. 2) is very large as compared to the ^0"^ 
body of the ovum. The most complicated gd. ^ Body of ovum, 
history of this kind is that of the ovum of 
the Craniata. ( Vide pp. 56, 57.) 

The ovum in its young condition is obviously nothing but a 
simple cell ; and such it remains till the period when it attains 
maturity. 

Nevertheless the changes which it undergoes in the course of 
its growth are of a very peculiar kind, and, consisting as they do 
in many instances of the absorption of other cells, have led 
various biologists to hold that the ovum is a compound struc- 
ture. It becctoes therefore necessary to consider the processes 
by which the growth and nutrition of the ovum is effected 
before dealing with the structure of the ovum at all periods of 
its history. 

The ovum is of course nourished like 
every other cell by the nutritive fluids in 
which it is .surrounded, and special provi- 
sions are made for this, in that the ovary is 
very frequently placed in contiguity with 
vascular channels. But in addition to such 
nutrition a further nutrition, the details of 
which are given in the special part of this 
chapter, is provided for in the germinal 
cells which do not become ova. 




In the simplest case, as in many Hy- 
drozoa (fig. 3), the germinal cells which do 
not become ova arc assimilated by the 
ovum much in the manner of an Amoeba. 

In other cases the ovum becomes in- 
vested by a special layer of cells, which 
then constitutes what is known as a fol- 
licle. The cells which form the follicle are 


Fig. 3. Female 

GONOPHORE OF TUBU- 
LARTA MESEMBRYAN- 
THEMUM. Containing 
ONE LARGE OVUM {ov) 
AND A NUMBER OI? GER- 
MINAL CELLS {g.C.), 

ep. Epiblast (Ecto- 
derm). hy. Hypoblast 
(Entoderm). Ovum. 
g.c. Germinal cells. 


often germinal cells, e.g. Holothuria, Insecta (fig. 17), Vertebrata 
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(fig. 19). In Other cases they seem rather to be adjoining con- 
nective-tissue or epithelioid cells, though it is sometimes difficult 
to draw the line between such cells and germinal cells. Ex- 
amples of follicles formed of ordinary connective-tissue cells, 
are supplied by Asterias, Bonellia (fig. 16), Cephalopoda (fig. 
14), etc. 

A membrane enclosing the ovum without a lining of cells, as in many 
Arachnida, vide p. 51, has no true analogy with a follicle and does not 
deserve the same name. • 

The function of the follicle cells appears to be, to elaborate 
nutriment for the growth of the ovum. The follicle cells are not 
as a rule directly absorbed into the body of the ovum, though 
in some instances, as in Sepia {vide p. 40), they are eventually 
assimilated in this way. 

In many cases some of the germinal cells form a follicle, 
while other germinal cells form a mass within the follicle 
destined eventually to be used as pabulum. Insects supply 
the best known examples of this, but Piscicola, Bonellia (.^) may 
also be cited as examples of the same character. In the Cra- 
niata (pp. 56 — 58) some of the germinal cells which advance a 
certain distance on the road towards becoming ova, are even- 
tually used as pabulum, before the formation of the follicle ; 
while other germinal cells form at a later period the follicular 
epithelium, A peculiar case is that of the Platyelminthes (fig. 9), 
where a kind of follicle is constituted by the cells of a specially 
differentiated part of the ovary, known as the yolk-gland. The 
cells of this follicle may cither remain di.stinct, and continue to 
surround the ovum after its development has commenced, and 
so be used as food by the embryo ; or they may secrete yolk 
particles, which enter directly into the protoplasm of the ovum. 

For further variations in the mode of nutrition the reader is 
referred to the special part of this chapter. Suffice it to say 
that none of the known modes of nutrition indicate that the 
ovum becomes a compound body any more than the fact of an 
Amoeba feeding on another Amoeba would imply that the first 
Amoeba ceased thereby to be a unicellular organism. 

. The constitution of the ovum may be considered under three 
heads 
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(1) The body of the ovum. 

(2) ■ The nucleus or germinal vesicle. 

(3) The investing membranes. 

The body of the ovum. The essential constituent of the 
body of the ovum is an active living protoplasm. As a rule 
there are present certain extraneous matters in addition, which 
have not the vital properties of protoplasm. The most impor- 
tant of these is known as food-yolk, which appears to be 
generally composed of an albuminoid matter. 

The body of the ovum is at first very small compared with 
the germinal vesicle, but continually increases as the ovum 
approaches towards maturity. It is at first comparatively free 
from food-yolk ; but, except in the rare instances where it is 
almost absent, food-yolk becomes deposited in the form of 
granules, or highly refracting spheres, by the inherent activity 
of the protoplasm during the later stages in the ripening of 
the ovum. In many instances the protoplasm of the ovum 
assumes a sponge-like or reticulate arrangement, a fluid yolk 
substance being placed in the meshes of the reticulum. The 
character of the food-yolk varies greatly. Many of its chief 
modifications are described below. There is not unfrequently 
present in the vitellus a peculiar body known as the yolk 



Fig. 4. Ovum of Hydra in the AMO^Boro state, with yolk spherules 

(rsEUDOCELLs) AND CHLOROPHYLL GRANULES. (After Kleinenberg. ) 

■ Germinal vesicle. 

A Single PSEUDOCELL OF Hydra. 
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nucleus, which is very possibly connected with the formation of 
the food-yolk. It is found in many Arachnida, Mynapoda, 
Amphibia, etc. ‘ 

More important for the subsequent development than the 
variation in the character of the food-yolk is it.s amount and 
distribution. In a large number of forms it is distributed un- 
.sym metrically, the yolk being especially concentrated at one 
pole of the ovum, the germinal vesicle, surrounded by a special 
layer of protoplasm comparatively free from food-yolk, being- 
placed at the opposite pole. In the Arthropoda it has in most 
instances a symmetrical distribution. Further details on this 
subject are given in connection with the segmentation ; the 
character of which is greatly influenced by the distribution of 
food-yolk. 

The body of the ovum is usually spherical, but during a 
period in its development it not unfrequcntly exhibits a very 
irregular amceboid form, Hydra (fig. 4), Halisarca. 

The germinal vesicle. The 
germinal vesicle exhibits all the 
essential characters of a nucleus. 

It has a more or less spherical 
shape, and is enveloped by a distinct 
membrane which seems, however, 
in the living state to be very often 
of a viscous semi-fluid nature and 
only to be hardened into a mem- 
brane by the action of reagents 
(Fol). The contents of the germi- 
nal vesicle arc for the most part 
fluid, but may be more or less 
granular. Their most characteris- 
tic components are, however, a protoplasmic network and the 
germinal spots'**. The protoplasmic network stretches from the 
germinal spots to the investing membrane, but is especially 
concentrated round the former. (Fig. 5.) The germinal spot 

For details on the yolk nucleus v/de Balbiani, lefofis s, 1 . Gcncralion d. Veriebres. 
Faris, 1879, In this work the author maintains very peculiar views on the nature and 
function of the yolk nucleus, which do not appear to me well founded. 

- In the germinal vesicles of very young ova the reticulum is often absent. 



Toxoi'Neustes ijvidus. (Copied 
from Hertwig.) 
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I forms a nearly homogeneous body, with frequently one or more 

j "v. vacuoles. It often occupies an eccentric position within the 

'I germinal vesicle, and is usually rendered very conspicuous by its 

f high refrangibility. In many instances it has been shewn to be 

capable of amoeboid movements (Hertwig, Eimer), and is more- 
over more solid and more strongly tinged by colouring reagents 
than the remaining constituents of the germinal vesicle. 

In many instances there is only one germinal spot, or else 
one main spot and two or three accessory smaller spots. In 
other cases, e.g-. Osseous Fishes, Echinaster fallax, Eucope poly- 
styla, there are a large number of nearly equal germinal spots 
which appear to result from the division or endogenous prolifera- 
tion of the original spot. Sometimes the germinal spots are 
placed immediately within the membrane of the germinal vesicle 
(Elasmobranchii and Sagitta). In many Lamellibraiicliiata, in 
the earth-worm, and in many Chastopoda the components of the 
germinal spot become separated into two nearly .spherical 
masses (fig. 12), which remain in contiguity along a small part 
of their circumference, and are firmly united together. The 
smaller of the two parts is more highly refractive than the 
larger. Hertwig has shewn that the germinal spot is often 
composed of two constituents as in the above cases, but that the 
more highly refractive material is generally completely enclosed 
by the less dense substance. By Fol the germinal spot is stated 
to be absent in a species of Sagitta, but this must be regarded ; 
as doubtful. In young ova the relative size of the germinal 
vesicle is very considerable. It occupies in the first instance a 
central position in the ovum, but at maturity is almost always 
found in close proximity to the surface. Its change of position 

I in a large number of instances is accomplished, during the 

growth of the ovum in the ovary, but in other cases does not 
take place till the ovum has been laid. 

As the ovum attains maturity, important changes take place 
in the constitution of the germinal vesicle, which are described 
: in the next chapter. 

The egg-membranes. A certain number of ova when 
j ^ ready to be fertilized are naked cells devoid of any form of 

[ protecting covering, but 'as a rule the. ovum, is invested by some 

( form of membrane. Such coverings present great variety in 
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Fig. 6. Ovum of Toxo- 

PNEUSTBS VARIEGATUS WITH 
THE PSEUDOPODIA-LIKE PRO- 
CESSES OF THE PROTOPLASM 
PENETRATING THE ZONA RADI- 
ATA (zr). (After Selenka.) 


their character and origin, and may be conveniently (Ludwig, 
No. 4) divided into two great groups, viz. (i) those derived from 
the protoplasm of the ovum itself or from its follicle, which may 
be called primary egg-membranes; and (2) those formed by 
the wall of the oviduct or otherwise, such as the egg-shell of a 
bird, which maybe called secondary 
egg-membranes. 

The primary egg-membranes may 
again be divided into two groups 
(Ed. van Beneden, No. 1), viz., (i) 
those formed by the protoplasm of 
the ovum, to which the name vitel- 
line membranes will be applied; 
and (2) those formed by the cells of 
the follicle, to which the name 
chorion will be applied. 

The secondary egg-membranes 
will be dealt with in connection with 
the systematic account of the develop- 
ment of the various groups. They 
coexist as a rule with primary membranes, though in some 
types (Cephalophorous Mollusca, many Platyelminthes, etc.), 
they constitute the only protecting coverings of the ovum. 

The vitelline membranes are either simple structureless 
membranes or present numerous radial pores. Membranes 
with the latter structure are very widely distributed, Echino- 
dermata, Gephyrea, Vcrtebrata, etc. (Vide figs. 5 and 7.) The 
function of the pores appears to be a nutritive one. They either 
serve for the emission of pseudopodia-like processes of the pro- 
toplasm of the ovum, as has been very beautifully shewn in the 
case of Toxopneustes by Selenka (fig. 6), or they admit (?) pro- 
cesses of the follicular epithelial cells (Vertebrata). Their 
presence is in fact probably caused by the existence of such 
processes, which prevent the continuous deposition of the mem- 
brane. The term zona radiata will be applied to perforated 
membranes of this kind. Two vitelline membranes, one per- 
forated and the other homogeneous, may coexist at the same 
time, Sipunculida, Vertebrata. (Fig. 7.) 

The chorion is often ornamented with various processes, etc. 
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It is in many cases doubtful whether a par- 
ticular membrane is a chorion or a vitelline 
membrane. 

All the membranes which surround the 
ovum may be provided with a special aper- 
ture known as the micropyle. A micropylc 
is by no means found in the majority of 
types, and there is no homology between 
the various apertures so named. Micropylcs 
have two functions, either (i) to assist in the 
nutrition of the ovum during its develop- 
ment, or (2) to permit the entrance of the 
spermatozoa. The two functions may in 
some cases coexist. Micropyles of the first 
class are developed at the point of attach- 
ment of the ovum to the wall of the ovary or to its follicle. 
Good examples of this kind of micropyle are afforded by the 
Lamellibranchiata (fig. 12), Holothuria, and many Annelida 
(Polynoe, etc.). The micropyle of the Lamellibranchiata (p. 37) 
probably serves also to admit the spermatozoa. The second 
type of micropyle is found in many Insecta, Teleostei, etc. 

General Bibliography of the Ovum. 
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(2) R. L e u c k a r t. Artikel “ Zeugung,” R. Wagner’s Handzddrterbiich d. Physio- 
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* A very complete and critical account of the literature is contained in this paper. 
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Special History of the Ovum in different types. 

CCELENTERATA. 

( 7 j Ed. van Beneclen, “ De la di-stinction originelle d. testicule et <lt: rovaive.'’ 
Bull. Acad. roy. Belgiquct y' 1874. 

(8) R. and O. Hertwig. Ber Organismus d. Mcduscn. Jena, 1878. 

( 9 ) N. Kleinenberg. Hydra. Leipzig, 187a. 

Amongst the Coelenterata the ova are developed in imper- 
fectly specialized organs, which are situated in various parts of 
the body, for the most part in the space between the epiblast 
and the hypoblast. - 

In Hydra the locality where the ova are developed only 
becomes specialized at the time when an ovum is about to be 
formed. At one or more points the interstitial cells of the 
epiblast increase in number and form a protuberance of germinal 
cells, which may be called the ovary. In this ovary a single 
ovum is formed by the special growth of one cell. (Kleinenberg, 
No. 9.) In the free and attached gonophores of Hydrozoa, the 
ova appear either around the walls of 
the stomach, or the radial canals, or 
around other parts of the gastro-vas- 
cular canals. 

Their close relations to the gastro- 
vascular canals are probably determin- 
ed by the greater nutritive facilities 
thereby afforded. (Hertwig, No. 8.) 

In the permanent Medusa-forms 
the ova have similar relations to the 
gastro- vascular system. Amongst 
the Actinozoa the ova are usually 
developed between the epiblast and 
the hypoblast in the walls of the 
gastric mesenteries. Amongst the 
Ctenophora the ova are situated in 
close relation wdth the peripheral 
canals of the gastro-vascular system, 
which run along the bases of the 
ciliated bands. There are many ex- 



Fig. 8. Rite Ovum oe 
El>IHUI,rA AURANTIACA. I’lIK 
Geeminai. Vesicle has he- 
COME JNVISnSLE WITHOUT RE- 
AGENTS. 

Copied from Metsclmikoff, 
“ Eiitwicklung der Kiplionopho- 
ren.” Ztitschrift f wiss-. ZooL, 
Vol. XKIV. 1874. 

p.d. Peripiieral layer of den- 
ser protoplasm, p.m. Central 
area consisting of a protoplasmic 
mesh work. 


27 


THE OVUM. 


amples amongst the Coelenterata of ova which retain in their 
mature state the very simple constitution which has been de- 
scribed as characteristic of all young ova ; and which are, when 
laid, absolutely without any trace of a vitelline membrane or 
chorion. In many other cases both amongst the Medusae, the 
Siphonophora, and the Ctenophora, the ripe egg exhibits a dis- 
tinction into two parts. The outer part is composed of a dense 
protoplasm, while the interior is composed of a network or more 
properly a spongework of protoplasm enclosing in its meshes 
a more fluid substance. {Fig. 8.) . 

In some cases the ovum while still retaining the constitution last 
described becomes invested by a very delicate membrane. Such is the 
constitution of the ripe oyum of Hippopodius gleba amongst the Siphono- 
phora ^ and of the eggs of Geryonia amongst the permanent Medusas 
The ripe eggs of the Ctenophora usually present a similar structure*. 
After being laid they are found to he invested by a delicate membrane 
separated by a space filled with fluid from the body of the ovum. The 
latter is composed of two layers, an outer one of finely granular protoplasm 
and an inner layer consisting of a protoplasmic spongework containing in 
its meshes irregular spheres. These latter are stated by Agassiz to be of a 
fatty natiu-e, and it is probable that in most cases where a protoplasmic net- 
work is present, this alone constitutes the active protoplasm ; and that the 
substance which fills up its meshes is to he looked on as a form of food -yolk 
or deutoplasm, though it appears sometimes to have the power of assimila- 
ting the firmer yolk particles. 

The membrane which invests the ovum of many of the 
Coelenterata is probably a vitelline membrane. 

The ova of the Hydrozoa take their origin, in most groups 
at any rate^ from the deeper layer of the epiblast (interstitial 
layer of Kleinenberg), The interstitial cells in the ovarian 
region form primary germinal cells, and by an excess of 
nutrition certain of them outstrip their fellows and become 
young ova. Such ova differ from the full-grown ova already 

1 Metschnikoff. Z€itschnftf.'wiss.Zoologie,Yo\.xxiv,i^']^. 

* Herman Fol. Jenaische ZtHfschrift, No\. YiU 

* Kowalevsky. “ Entwickkmgsgescliichte d. Rippenquallen.” Mimmre de 
PAcad. PJteysbourg, iS66. And Alex. Agassiz. “Embryology of the Cteno- 
phora;.” AmcT. Acad, of Science afid Arts, Yol. X, No. iLi. 

** The view of van Beneden, according to which the ova have an endodermal 
(hypoblastic) origin, has been shewn to: be at any rate confined to certain groups. 
The whole question of the origin of the generative products from the germinal layers 
in the Coelenterata is- still involved in, gi-eat obscurity. 
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described, mainly in the fact that they have a proportionately 
smaller amount of protoplasm round the germinal vesicle. 
They grow to a considerable extent at the expense of germinal 
cells which do not become converted into ova. 

The ova of many Coelentcrata undergo changes of a more 
complicated kind before attaining their full development. Of 
these ova that of Hydra may be taken as the type. The ovaiy 
of Hydra (Kleinenberg, No. 9) is constituted of angular flattish 
germinal cells of which no single one can be at first dis- 
tinguished from the remainder. As growth proceeds one of the 
cells occupying a central position becomes distinguished from 
the remaining cells by its greater size, and wedge-like shape. 
It constitutes the single ovum of the ovary. After it has become 
prominent it grows rapidly in size, and throws out irregular 
processes. The germinal vesicle, which for a considerable time 
remains unaltered, also at length begins to grow ; and the 
sharply defined germinal spot which it contains after reaching a 
certain size completely vanishes. After the atrophy of the 
germinal spot, there appears in the middle of the ovum a 
number of roundish yolk granules. 

The shape of the ovum becomes more irregular, and chloro- 
phyll granules, in addition to the yolk granules, make their 
appearance in it. A fresh germinal spot of circular form also 
arises in the germinal vesicle. Protoplasmic processes are next 
thrown out in all directions, giving to the ovum a marvellous 
amceboid character. (Fig. 4.) The amoeboid form of the ovum 
serves no doubt to give it a larger surface for nutrition. Coin- 
cidently with the assumption of an amceboid form there appear 
in the ovum a great number of peculiar bodies. They are 
vesicles with a thick wall bearing a conical projection into the 
interior which is filled with fluid. (Fig. 4B.) These bodies 
are formed directly from the protoplasm of the ovum, and are 
to be compared both morphologically and physiologically with 
the yolk-spherules of such an ovum as that of the Bird. They 
are called pseudocells by Kleinenberg, and are found with 
slightly varying characters in many ova of the Hydrozoa, 

They first appear as small highly refracting granules ; in these a cavity 
is formed which is at first central but is eventually pushed to one side by the 
formation of a conical projection from the wall of the vesicle. 
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After the growth of the ovum is completed the amoeboid 
processes gradually withdraw themselves, and the ovum assumes 
a spherical form ; still however continuing to be invested by the 
remaining cells of the ovary. It is important to notice that the 
egg of Hydra retains throughout its whole development the 
characters of a single cell, and that the pseudocells and other 
structures which make their appearance in it are not derived 
from without, and supply not the slightest ground for regarding 
the ovum as a structure compounded of more than one cell. 

The development of the ova of the Tubularidm, which has 
been supposed by many investigators to present very special 
peculiarities, takes place on essentially the same type as that of 
Plydra, but the germinal vesicle remains permanently very 
small and difficult to observe. The mode of nutrition of the 
ovum may be very instructively studied in this type. The 
process is one of actual feeding, much as an Amceba might feed 
on other organisms. Adjoining one of the large ova of the 
ovary there may be seen a number of small germinal cells. 
(Fig. 3.) The boundary between these cells and the ovum is 
indistinct. Just beyond the edge of the ovum the small cells 
have begun to undergo retrogressive changes ; while at a little 
distance from the ovum they are quite normal (^.c.) h 

Platyelminthes. 

( 10 ) P. Hallez. Contributions h VHistoire naturelle des Tm-bellaries, Lille, 
1879. 

( 11 ) S. Max Schultze. Bdirdge s. Naturgesckichte d. Turhellarkn. Greifs- 
wald, 1851. 

( 12 ) C. Th. von Siebold. “Helminthologische Beitrage,” MtUkds Arckiv, 
1836. 

( 13 ) C. Th. von Siebold. Lehrbuch d. vergleich. Anat, d. •wirbellosen Thiere, 
Berlin, 1848. 

( 14 ) E. Zeller. “ Weitere Beitrage z. Keimtiiiss d. Polystomen.” ZdvV./. 

Bd. XXVII. 1876. 

also Ed. van Beneden] (No. i). 

This group, under which I include the Trematodes, Cestodes, 

1 The above description of the ova of the TubularidEe is founded on sections of 
the gonophores of Tnbnlaria mesembryantheniuni. Dr Kleinenberg informs me how- 
ever that the absence of a distinct boundary between the germinal cells and the ovum 
is not usual. 
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Turbcllarians and Nemertiries, has played an important part in 
all controversies relating to the nature and composition of the 
ovum. The peculiarity in the development of the ovum in 
most members of this group consists in the fact that two organs 
assist in forming what is usually spoken of as the ovum. One 
of these is known as the ovary proper, and the other as the 
vitellarium or yolk-gland. In the sequel the term ovum will be 
restricted to the product of the first of these organs. In Trema- 
todes the ovary forms an unpaired organ directly continuous 
with an oviduct into which there open the ducts from paired 
yolk-glands. " ^ ^ . 

The ovary has a sack-like form and contains in some 
instances a central lumen (Polystomum integerrimum). At the 
blind end of the organ is placed the germinal tissue. This part 
is, according to the accounts of the majority of investigators, 
formed of a polynuclear mass of protoplasm not divided into 
distinct cells. Whether it is really formed of undivided proto- 
plasm or not, it is quite, certain that a little lower down in the 
organ distinct cells are found, which have been segmented off 
from the above mass, and are formed of a large nucleus and 
nucleolus, surrounded by a delicate layer of protoplasm. These 
cells are the young ova. They usually assume a more or less 
angular form from mutual pressure, and, in the cases where the 
ovary has a lumen, constitute a kind of epithelial lining for the 
ovarian tube. They become successively larger in passing 
down the ovary, and, though in most cases naked, are in some 
instances (Polystomum integerrimum) invested by a delicate 
vitelline membrane. Eventually the ova pass into the oviduct 
and become free ; and at the same time assume a spherical 
form. 

In the oviduct the ovum receives somewhat remarkable 
investing structures, derived from the organ before spoken of as 
the yolk-gland. The yolk-gland consists of a number of small 
vesicles, each provided with a special duct, connected with the 
main duct of the gland. Each vesicle is lined by an epithelium 
of cells provided with doubly contoured membranes, and con- 
taining nuclei. 

As the yolk-cells grow older refracting spherules become 
deposited in their protoplasm, which either completely hide the 
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nucleus, or render it very difficult to see. In the majority of 
cases the entire cells forming the lining of the vesicles constitute 
the secretion of the yolk-gland. They invest the ovum, and 
-around them is formed a shelTor membrane. In some cases 
{e.g. Polystomum integerrimum) the yolk-cells retain their 
cellular character and vitality till the embryo is far dev^eloped. 
In other cases they lose their membrane and nucleus shortly 
after the formation of the egg-shell, and break up into a fluid, 
holding in suspension a number of yolk-granules, A partial 
disorganisation of the yolk-cells can also take place before they 
surround the ovum ; while in some species of Distomum they 
completely break up before leaving the yolk-gland. 

There is thus a complete series of gra- 
dations between the investment of the / ^ 
ovum by a number of distinct cells, and ' M 1 

its investment by a layer of fluid con- ^ ^ t 

taining yolk-spherules in suspension. In || 

neither the one case nor the other do the |® 

investing structures take any share in the j ® [ 

direct formation of the embryo from the \ » 

ovum. Physiologically speaking they play \ \ 1 ; 

the same part as the white in the fowl’s Adil 

egg. ‘ 

The egg-shell, which is usually formed by a 
secretioir of a special shell-gland opening into the / 

oviduct, exhibits one or two peculiarities in the ' \ j 
different species of Trematodes. In Amphisto- 
mum subclavatum it presents at one extremity a ' 

thickened area, which is pierced by a narrow mi- ^ 

- , T ,.1. v r,.! Fig. n. Generative 

cropyle. In other cases one extremity of the egg- Vortex viri- 

shell is produced into a long process, and some- ms. (From Gegenbanr, 

times even both extremities are armed in this way. Schultze.) 

^ , 1 ^ , t- Testis, v.d. Vasa 

Opercula and other types of armature are also differentia. v.s. Seminal 
found in different forms, vesicle; /.Penis. 2/:. Ute- 

■ The mode of development of the ovum in rus. Ovary, z/. Vagina. 
. ' ' . g.v. Yolk-glands, r.s. Re- 

Cestodes is very nearly the same as in Irema- ceptacnlum serainis. 
todes. 

The ovum, becomes enveloped in the usual secretion of the yolk-gland ; 
and an egg-shell is always formed by the secretion of a special shell-gland. 

Amongst the Turbellarians and Nemertines, there are greater 
variations in the arrangement of the female generative glands, 
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than in the preceding types. In most of the Rhabdoccela and 
fresh-water Dendroccela these organs resemble in their funda- 
mental characters those of the Trematodes and Cestodes, There 
are present a paired or single ovary and a paired yolk-gland. 
The general arrangement of the organs is shewn in fig. 9. 

The blind end of the ovaries is usually (Ed. van Beneden, etc.) 
stated to be formed of a polynuclear protoplasmic basis^ but 
Hallez (No. 10) has recently insisted that, even at the extreme 
end of the ovary, the germinal cells are quite distinct, and not 
confounded together. 

With one or two exceptions the yolk-cells secreted by the 
vitellarium retain their vitality till they are swallowed by the 
embryo, after the development of its mouth. The few not so 
swallowed become disintegrated. They are granular nucleated 
cells, and, as was first shewn by von Siebold, are remarkable for 
exhibiting spontaneous amoeboid movements. 

Very important light on the nature of the vitellarium is 
afforded by the structure of the generative organs in Prorhyncus 
and Macrostomum. 

In Prorhyncus there is no separate vitellarium, but the lower 
part of the ovarian tube functionally and morphologically 
replaces it. The ovum becomes surrounded by yolk-cells, 
which according to Hallez (No. 10) retain their vitality for a 
long time. According to Ed. van Beneden yolk-spherules are 
formed in the protoplasm of the ovum itself, in addition to and 
independently of the surrounding yolk-cells. In Coiivoluta 
paradoxa a special vitellarium is stated to be absent ; though a 
deposit of yolk is formed round the ovum (Claparede). 

In Macrostomum again the yolk-glands are at most repre- 
sented by a lower specialized part of the ovarian tube. The ova in 
passing down become filled with yolk-spherules. According to 
Ed. van Beneden these spherules are formed in the protoplasm 
of the ovum itself ; but this is explicitly denied by Hallez, who 
finds that they are formed from the lining cells of the ovarian 
tube, which, instead of retaining their vitality as in Prorhyncus, 
break up and form a granular mass which is absorbed by the 
protoplasm of the ovum. 

In Prostomum caledonicum (Ed. van Beneden) the generative 
organs are formed on the same plan as in other Rhabdoccela, but 
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the cells which form the yolk-gland give rise to yolk particles 
which enter the ovum, instead of to a layer of yolk-cells sur- 
rounding the ovum. 

Amongst the marine dendrocoelous Turbellarians the ova are formed in 
separate sacks widely distributed in the parenchyma of the body between 
the alimentary diverticula. In these the ova undergo their complete develop- 
ment, without the intervention of yolk-glands. 

The ovaries of the Nemertines more nearly resemble those of the 
marine Dendroccela than those of the Rhabdocoela. They consist of a series 
of sacks situated on the two sides of the body between the prolongations 
of the digestive canal. The eggs are developed in these sacks in a perfectly 
normal manner, and in many cases become filled with yolk-spherules which 
arise as differentiations of the protoplasm of the ovum. The protecting 
membranes of the ova have not been accurately studied. In some cases^ 
two membranes are present, an internal and an external. The former, 
immediately investing the vitellus, is very delicate : the external one is 
thicker and hyaline. 

The constitution of the female generative organs of the 
Trematodes was first clearly ascertained by von Siebold (No. 12). 
He originally, though not very confidently, propounded the 
view that the germinal vesicles alone were formed in the ovary 
and that the protoplasm of the ovum was ‘supplied by the 
yolk-gland. This view has long been abandoned, and von 
Siebold (No. 18) himself was the first to recognize that true ova 
with a protoplasmic bod}/* containing a germinal vesicle and 
germinal spot were formed in the ovary. The Trematodes have 
however not ceased to play an important part in forming the 
current views upon the development of ova, and have quite 
recently served Ed. van Beneden as his type in exposing his 
general view upon this subject. 

His view consists fundamentally in regarding the secretion of the 
yolk-glands, which in most cases merely invests the ovum, as homologous 
with the yolk-spherules Avhich fill the protoplasm of many eggs j and he 
considers the part of the ovary where in most forms the ova receive their 
supply of yolk particles, as equivalent to the vitellariiim of the Platy- 
, elminthes. He further appears to regard the primitive state as that 
exemplified in Trematodes, Cestodes, etc., and holds that the ovarian 
types characteristic of other forms are secondarily derived from this, by 
the coalescence of the primitively distinct vitellarium with the ovary proper. 

^ Amphiporus lactiflorius and Nemertes gracilis. MTntosh. Monograph on 
British Ncmsrtines. Ray Society. 
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This appears to me a case of putting the cart before the horse. To my 
mind the vitellarium is to be regarded, as has already been suggested by 
Gegenbaur, Hallez, etc. as a special differentiation of the primitively simple 
ovarian tube, and the instances of Macrostomum and Prorhyncus just cited 
appear to me to indicate some of the steps in this differentiation. In 
Macrostomum the cells of the lower part of the oviduct simply supply a 
kind of nutriment to the ovum in the form of granular yolk particles, 
while in Prorhyncus the yolk-cells of the lower part of the ovarian 
tube form a complete investment of independent cells for the ovum. If 
this lower part of the ovarian tube were to grow out as a special 
diverticulum we should have produced a normal vitellarium. But even 
with the above modification the theory of van Beneden appears to me not 
completely satisfactory. The view that the yolk-spherules ai'e of the same 
nature as the yolk-cells is mainly supported by the case of Prostomum 
caledonicum, where the vitellarium produces the yolk particles which fill 
the ovum. The cases of Prorhyncus and Macrostomum give a different 
complexion to that of Prostomum caledonicum. From the first of these 
especially it appears that, even when normal yolk-cells surround the ovum, 
yolk particles can be deposited independently in the protoplasm of the 
ovum. 

The most probable view of the nature of the vitellarium is 
that of Gegenbaur, Hallez, etc., according to which it is to be 
regarded as a specially modified part of the ovarian tube. On 
this view the nature and function of the yolk-cells admit of a 
fairly simple explanation. They are to be regarded as primary 
germinal cells like those in the ovaries of Hydra, Tubularia, etc., 
which do not become converted into ova. Like these cells they 
may in some instances, Macrostomum, Prostomum, etc., serve 
directly in the nutrition of the ovum. In other cases they retain 
their independence and serve for the late nutrition of the embryo. 
In both instances they retain the faculty, normally possessed by 
ova, of forming yolk particles in their protoplasm. 

ECHINODERMATA. 

(lo) C. K. Hoffmann. “Zur Anatomic d. Echiniden u. Spatangen.” Nkder- 
imdisch. Archivf Zoologie,'\fQ\. i. li’ji. 

(16) C, K. Hoffmann. “ Zur Anatomic d. Asteriden. ” Niederliindisch. Archiv 
f Zoologie, Vol. II. 1873. 

(17) I-I. Ludwig. “Beitmge zur Anat, d. Crinoiden.” Zeit. f. wiss. ZooL, 
Vol. XXVIII. 1877. 

(18) Job. Muller, “ Ueber d. Canal in d. Eiem d. Holothurien,” Miilkds 
Archiv, 
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(19) C. Semjjei', HolotMirien, Leipzig) 

(20) E. S e lenk a. Befruchttmg d. Eies v. Toxopneustes mriegains, 1878 . 

[ Vide also Ludwig (No. 4), etc.] 

The eggs of the Echinodermata present in their development 
certain points of interest. 

The ovaries themselves are usually surrounded by a special 
vascular dilatation. In the Asteroidea, the Echinoidea, and the 
Holothuroidea the organs have the form of sacks ; specially 
surrounded in the two former groups, and probably the latter, 
by a vascular sinus formed as a dilatation of one of the 
generative vessels. In the Crinoids they have the form of a 
hollow rachis completely surrounded by a blood-vessel. (Fig. 
II The proximity of the ovaries (generative organs) to the 
vascular system in these forms has clearly the same physiological 
significance as the proximity of the ovaries (generative organs) 
to the radial vessels in the Coelenterata. 

In the Asteroidea, the Echinoidea and the Holothuroidea the 
ovaries have the form of sacks lined by an epithelium of germinal 
cells, and the ova are formed by the enlargement of these cells, 
which, when they have reached a certain size, become detached 
from the walls, and fall into the cavity of the ovarian sack. In 
Toxopneustes (Selenka) and very probably in other forms only 
a few of the epithelial cells undergo conversion into ova : the 
remainder undergo repeated division, and, as in so many other 
cases, are eventually employed in the nutrition of the true ova. 
In the nearly ripe ova of Asterias Fol has described a flattened 
follicular epithelium the origin of which is unknown. 

In Holothuria (Semper) a further differentiation of the 
germinal cells, not destined to become ova, takes place. They 
surround the enlarged cell which forms the true ovum, for which 
they constitute a kind of follicular capsule. This capsule is 
attached by a stalk to the walls of the ovary, and the ovum lies 
freely in it except for an area nearly opposite its (the capsule’s) 
point of attachment, where the ovum adheres to the wall of the cap- 
sule. Subsequently the follicle cells which form the capsule fuse 
together, and form a definite membrane in which only the nuclei 
remain distinct. Within the membranous capsule there is formed 
for the ovum an albuminous zona radiata. At the point where 
the ovum is attached to its capsule this membrane cannot be 
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Fig. io. Ovum of Toxo- 

PNEUSTES VARIEGATUS WITH 
THE PSEUDOPODIA-UKE PRO- 
JECTIONS OF THE PROTOPLASM 
PENETRATING THE ZONA RADI- 
ATA (zr). (After Selenka.) 


developed, and therefore remains in- 
complete. The perforation so formed, 
becomes the micropyle of the Holo- 
thurian egg, which was first discover- 
ed by Joh, Muller. The albuminous 
membrane just described for Holo- 
thurians is also found in Asteroids 
(fig. S) and Echinoids. In these 
groups there is no proper micropyle, 
though in Ophiothrix a nutritive pas- 
sage perforates the membrane at the 
attachment of the ovum before the 
period when the ovum becomes free 
(Ludwig). The formation of the zona 
radiata has been studied by Selenka. It is secreted by the 
protoplasm of the ovum, and has a gelatinous consistency, and 
after it is formed the peripheral layer of the protoplasm of 
the ovum sends out through it pseudopodia-like processes to 
absorb nutriment from without. These 
processes are at first large and irregular, 
but soon become finer and finer (fig. lo), 
and acquire a regular radiating arrange- 
ment, They are withdrawn when the ovum 
is ripe, but they nevertheless give rise to 
the finely radiated appearance of the mem- 
brane, the radii being in reality delicate 
pores. 

In the Crinoids the generative rachis 
consists of a tube, the epithelium of which 
is formed of the primary germinal cells. 

(Fig. II.) While some of these cells en- 
large and become ova, the remainder supply Fig. n. Transverse 
the elements for a follicular epithelium, 
which is established round the ova, exactly mature Comatula. 

. tt 1 • (From Geuenbaur, after 

as m Holothurians. Ludwig.) 

p. Tentacle, g. Lumen of genital rachis. w. Water-vascular vessel, n. Nerve 
cord. 6. Blood-vessel on nerve cord and round genital i-achis. eg. Genital canal. 

Dorsal section of the body cavity, cv. Ventral section of body cavity. 
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Mollusca. 

Lamellibranchiata, 

(21) H. Lacaze-Duthiers. “Organes gfinitaux des Acephales Lamelli- 

branches,” AW. Afe/., 4'"® serie, Vol. n. 1854, 

(22) W. Flemming. “Ueb. d. er. Entwick. am Ei d. Teichmuschel.” Archiv 
f. mih\ AnaL,'^(A.^. 

(28) W. Flemming. “Studien iib. d. Entwick. d. Najaden.” SzYz. d. k, 
Akad. Wiss. Wieny Vol. LXXI. 1875. 

(24) Th. von Flessling. “Einige Bemerkungen, etc.” Zeit. f. tuiss. Zool.y 
Bd. V. 1854. 

(25) H. von Jhering. “ Ziir Kenntniss d. Eibildung bei d. Mnscheln. ” Zeit. 
f zmss. Zool.y Vol. XXIX. 1877. 

(26) Keber. De Introitu Spermatozoortcm in ovula, etc. Kbnigsberg, 1857,. 

(27) Fr. Leydig. “ Kleinere Mittbeilung etc.” Muller's Archiv, 

Gasteropoda. 

(28) C. Semper. “Beitrage z. Anat. n. Physiol, d. Pnlmonaten.” Zeit. f. 
wm. Zool.y Vol. vin. 1857. 

(29) H. Eisig. “Beitrage z. Anat. u. Entwick. d. Pnlmonaten.” Zeit.f. wiss. 
Zool.y Vol. XIX. 1869. 

(30) Fr. Leydig. “ Ueb. Paludina vivipara.” Zeit. f. wiss. Zool.,'^o\.ri. i8$o. 

Cephalopoda. 

(31) Al. Kdlliker. Enfinicklimgsgeschichte d. Cephalopoden. Zurich, 1844. 

(32) E. R. Lank ester. “On the developmental History of the Mollusca.” 
Phil. Trans, y 1875. 


Lamellihranchiata. 

The ova of the Lamellihranchiata present several points of 
interest. They are developed in pouches of the ovary which are 
lined by a flattened germinal epithelium, or sometimes (i*) a 
syncytium. Some of the cells of this epithelium enlarge and 
become ova, but remain attached to the walls of their pouches 
by protoplasmic stalks. Round the ovum there appears in some 
forms (Anodon, Unio) a delicate vitelline membrane, which is 
incomplete at the protoplasmic stalk, and is therefore perforated 
by an aperture which forms the micropyle. (Fig. 12.) As the 
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similar to those deposited in the proto- 
plasm of the ovum are also found in the 


ported from these cells into the ovum. 
These cells would seem therefore to play 
much the same part as the yolk-glands 


ovum becomes ripe a large space filled with albuminous fluid 
becomes established between the ovum and its membrane, but 
the ovum remains attached to the membrane at the micropyle. 
In Scrobicularia (von Jhering, No. 25) the membrane round the 
ovum appears from the first as an albuminous layer, the outer- 
most stratum of which becomes subsequently hardened as the 
vitelline membrane. In this form also the protoplasmic stalk 
becomes, in pouches largely filled with ova, extremely long. 
The ova become eventually detached by the stalk rupturing, 
and the portion of it which remains attached to the vitelline 
membrane falling off. The function of the stalk and of the 
micropyle during the development of the ovum is undoubtedly a 
nutritive one. 

In Aiiodon and Unio yolk granules 


epithelial cells of the ovarian pouches 
(Flemming, 22), and there can be but 

little doubt that thev are rlirer.tlv tranc;- 


01 some i uroeiianans (rrostomum cale- 

donicum). In Scrobicularia yolk granules oyrnfir anotZa ™ 

are not found in the epithelium of the planata. (AfterFlemming.) 

pouches, but are contained in the dilated 

disc by which the ovum is attached to 

the wall of its pouch, as well as in the ovum itself. 

On the ovum becoming detached the micropyle still remains 
as an aperture, which probably has the function of admitting the 
spermatozoa. 


The shape and form of the micropyle vary greatly. In Anodon and 
Unio it is a projecting trumpet-shaped structure, which after fertilization 
becomes shortened and reduced to a mere aperture which is finally 
stopped up. (Fig. I2.) 

In other forms it is simply a perforation in the vitelline membrane 
which is sometimes very large. In a species of Area, which I had an 
opportunity of observing at Valparaizo, it was equal to nearly the circum- 
ference of the ovum. 
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The eggs of the Lamellibranchiata are not only remarkable 
in the possession of a micropyle, but in certain peculiarities of the 
yolk and of the germinal vesicle. 

In the fresh-water mussels there is usally found in young and 
medium-sized ova a peculiar lens-shaped body — Keber’s cor- 
puscle — which is placed immediately internal to the micropyle. 
It is probably in some way connected with the nutrition of the 
ovum, though the fact that it is not always present shews that it 
cannot be of great importance. 

A dark body found by von Jhering in the neighbourhood of 
the germinal vesicle in the ripe ovum of Scrobicularia is probably 
of a similar nature to Keber’s corpuscle. Both bodies may be 
placed in the same category as the so-called yolk nucleus of the 
spider’s and frog’s ova. 

In all except the youngest ova of Anodon and Unio the 
germinal spot is composed of two nearly complete spheres united 
together for a small part of their circumference. (Fig. 12, gs,) 
The smaller of these has a higher refractive index than the 
larger, and often contains a vacuole : the two parts together 
appear to be the separated components (though not by simple 
division) of the primitive nucleolus. A nucleolus of this charac- 
ter is not universal amongst Lamellibranchiata, but a similar 
separation of the constituents of the germinal spot has been 
found by Flemming in Tichogonia, in which however the more 
highly refracting body envelopes part of the less highly re- 
fracting body in a cap-like fashion. 


Gasteropoda. 

The ova of the Gasteropoda are developed, like those of the 
Lamellibranchiata, from the epithelial cells of the ovarian acini 
or pouches. In the hermaphrodite forms both ova and sperma- 
tozoa are produced in the same pouches (fig. 13), some of the 
epithelial cells becoming ova and others spermatozoa. The ova 
are usually formed in the wall of the pouch, and the sperma- 
tozoa internally (Pulmonata) (fig. 13 or a further differenti- 
ation of parts may take place (fig. 13 .. 5 ), The ova of Gastero- 
pods are exceptional in the fact that a vitelline membrane is 
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rarely or never developed around them. The ovum in its pas- 
sage to the exterior becomes enclosed in a secretion of the 
albuminous gland, which hardens externally to form a special 
membrane. 



Fig. 13. Follicles op the hermawirodite gi,ands bv Gasteropoda, 
(From Gegeabaur.) 

A. Of Helix hortensis. The ova (aa) are developed on the wall of the follicle, 
and the seminal masses (A) internally. 

A. Of Aeolidia. The seminal portion of a follicle is beset peripherally by ovarian 
saccules (a), r. Common afferent duct. 


Cephalopoda. 

Lankester (No. 32) has brought out some very interesting 
points with reference to the nutrition of the eggs of Sepia during 
their growth. The eggs develope in connective-tissue pouches 
which early give rise to a double pedunculated capsule of 
connective tissue. The cells of the inner layer of this capsule 
soon assume an epithelial character, and become a definite 
follicular epithelium, while between the two layers there pene- 
trates a network of vascular channels. The follicular epithelium 
becomes after the establishment of these vascular channels 
folded in a most remarkable manner. The folds, which are 
shewn in section in fig. 14 , zV, project into and nearly com- 
pletely fill up the body of the ovum. An enormous increase is 
thus effected in the nutritive surface exposed by the epithelium. 
Each fold is thoroughly supplied with blood-vessels. The 
plications of the follicular epithelium give rise to a basket-work 
tracery on the surface of the ovum. During the stage when the 
follicular epithelium has the above structure, its cells have a 
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character similar to that 
of the goblet-cells of a 
mucous membrane, and 
pour out their metamor- 
phosed protoplasm into 
the body of the ovum. 

After the above mode 
of nutrition has gone on 
for a certain time a 
change takes place, and 
the ridges gradually dis- 
appear. This is caused 
by the epithelial cells 
passing off from the 
I'idges into the proto- 
plasm of the ovum ; and 
becoming assimilated, 
after retaining their in- 
dividuality for a longer 
or shorter period. When 
the absorption of the 
ridges is completed the surface of the ovum assumes a perfectly 
regular outline. The capsule of the ovum then bursts at the 
opposite pole to the peduncle, and the ovum falls into the 
oviduct. 

The ova of the Cephalopoda, like those of the Gasteropoda, 
are quite naked, being without a vitelline membrane or chorion. 
The egg-capsule which is formed for them in their passage down 
the oviduct is perforated in Sepia by a micropylar aperture. 

CH/ETOPODA. 

( 33 ) Ed. Claparede. “ Les Annelides Chaetopodes d. Golfe de Naples.” 
Mem. d. 1 . SocUt, ;p]iys. et d'hist. nat. de Gentve 1868 — 9 and 1870. 

( 34 ) E. Ehlers. Die Borstenwiirmer nach system, und anat. Untersuchungen. 
Leipzig, 1864 — 68. 

( 35 ) E. Selenka. “Das Gefass-Systera d. Aphrodite aculeata.” Nieder- 
Idndisches Archiv f. 

The ova of the Chcetopoda are in most cases developed from 
the special tracts of the epithelial cells lining parts of the body 



Fig. 14. Transverse section through an 
OVARIAN EGG OP Sepia. (Copied from Lankester.) 

O.C. outer capsular membrane, i.c. inner cap- 
sular membrane with follicular epithelium, b.v, 
blood-vessels in section between the outer and 
inner capsular membranes, c. vitelius. 

The section shews the folds of the inner 
capsule with their epithelium, which penetrate 
into the substance of the ovum for the purpose 
of supplying it with nourishment. 
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cavity, which constitute a germinal epithelium (fig. 15), Very 
frequently (Aphrodite, Arenicola), as is so common in other 
types, these tracts of germinal cells surround the blood-vessels. 



Fig. 15. A Parapodium OF Tomoptkris. (From Gegenbaur.) 

0. Collection of germinal epithelial cells lining the body cavity. 

In some cases the germinal epithelium thickens to form a 
compact organ, for which the outermost cells may form a 
more or less definite membranous covering (Oligochmta, etc,). 
The ova are formed by the enlargement, accompanied by other 
changes, of these germinal cells. During their early development 
the ova are frequently surrounded by a special capsule, which is 
often stalked, and provided at its attachment with a large micro- 
pylar aperture. In Aphrodite and Polynoe this arrangement, 
which is clearly connected with the nutrition of the ovum, is very 
easily seen. The ovum is dehisced into the body cavity by the 
bursting of its capsule or the rupture of the stalk. The capsule 
is always eventually thrown oif; but a vitelline membrane is 
frequently developed after the detachment of the ovum into the 
body cavity. The vitelline membrane of Spio and other Poly- 
chmta is provided with an equatorial ring of ampulliform 
vesicles, 

Discophora, 

(36) H. Dorner. “ Ueber d. Gattung Branchiobdella." Zeit. f. wiss. Zool., 
Vol. XV. 1865. 

(37) R, Leuckart. Die menschliche^t Parasiien. 

(38) Fr. Leydig. “ Zur Anatomie v. Piscicola geometrica, etc. ” Zeii.fwis's. 
Zool., Vol. I. 1849. 

(39) C. O. Whitinan, “Embryology of Glepsine,” 

Vol. xvm. 1878. 

The ovary of the Discophora is formed of a mass of cells en- 
veloped in a membranous sack. In Branchiobdella there is 
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placed in the central axis of these cells a column of nucleated 
protoplasm from which the cells themselves are budded oif. The 
development of the ovum takes place by the enlargement, etc. of 
one of the peripheral cells, which eventually bursts the wall of 
the sack and is freely dehisced into the body cavity. 

In most other Leeches (except Piscicola and its allies) there 
is found a more specialized arrangement of the same nature as 
in Branchiobdella. There are one or more coiled egg-strings 
which lie freely in a delicate sack continuous with the oviduct. 
Each egg-string is formed of a central rachis and of a peripheral 
layer of cells^. The ova are formed by the enlargement of the 
peripheral cells accompanied by a deposition of food-yolk. 
Food-yolk appears to be formed in the rachis even more ener- 
getically than in the protoplasm of the ova. When ripe the ova 
fall into the ovarian sack. 

In Piscicola the development of the ovum is somewhat pecu- 
liar but resembles in certain respects that of Bonellia (p. 45). 
The ova are developed from the primitive germinal cells which 
fill up the ovarian sack. The nuclei in these cells increase in 
number, and a nucleated peripheral layer of each cell becomes 
separated from the central part, which also contains nuclei. 
This latter part next divides into numerous cells, of which one 
eventually forms the ovum, and the remainder constitute a mass 
of cells adjoining it as in Bonellia (fig. 16). This mass of cells 
eventually disappears, and is probably employed in the nutrition 
of the ovum. 

The ovaries of the Leech appear to belong to the tubular 
type in that the ova are not formed from part of the epithelium 
lining the body cavity ; but if, as seems probable, the true 
affinities of the Leeches are with the Chsetopoda, the investment 
of the ovaries must be of a secondary nature. It should be 
noted that the ova are not, as in the ordinary tubular ovary, 
developed from the epithelium lining the ovarian tube. 

The rachis is stated by Whitman (No. 39), and other observers to be formed of 
nucleated protoplasm, but further investigations on. this point are still required. 
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Gephyrea. 

(40) Keferstein u. Ehlefs. Zoologische Beitrage, Leipzig, i 86 i, 

(41) C. Semper. Holothiirien, i868, p. 145. 

(42) J. W. Spengel. “ Beitrage z. ICenntniss cl. Gephyreen.” BHtrdge a, d, 
zool. Station z. Neapel^'^<A.\, 

(43) J. W. Spengel. “Anatomische Mittheilungen iib. Gephyreen.” Tageld. 
d. Naturf. Vers. Mlinchen, 1877 . 

In the Gephyrea, as in the ChiEtopoda, the ova are developed 
from the lining cells of the peritoneum and frequently from the 
cells surrounding parts of the vascular system (Bonellia, Thalas- 
sema). In many cases (Sipunculus, Phascolosoma, Echiurus) 
the main growth of the ovum takes place after it has been 
dehisced into the body cavity. 

In Sipunculus the ova in the body cavity are surrounded by- 
a follicle which is thrown off before they become ripe, 

Brandt deniesHhe existence of this follicle or rather its cellular nature 
Spengel’s (43) observations are conclusive in favour of the coiTCClnoss of 
the original interpretation of Keferstein and Ehlcrs. The follicles would 
seem to be formed after the ova have become free. In Phascolosoma there 
is no follicle (Semper, Spengel). 

In both Phascolosoma and Sipunculus a vitelline membrane 
with radial pores — zona mdiata — is formed, and in Phascolosoma 
the external part of this is separated off as a structureless 
vitelline membrane. The formation of both these membranes 
from the protoplasm of the ovum is rendered certain in the 
latter case by the absence of a follicular epithelium. 

Some interesting observations on the growth and origin of 
the ovum in Bonellia have been made by Spengel. 

The ova originate from certain cells (germinal cells) in the 
peritoneal investment of the ventral vessel, overlying the nervous 
cord. These cells, which are well marked off from the surround- 
ing flattened peritoneal elements, increase in number by division, 
and form small masses surrounded by a follicle of peritoneal 
cells, and attached by a stalk to the peritoneum. The central 
cell of each mass grows larger than the rest, which arrange 
themselves in a columnar fashion round it ; it is not, however, 
destined to become the ovum. On the contrary certain of the 
other cells adjoining the stalk grow larger, and finally one of 
these becomes distinguished as the ovum by its greater size and 
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the character of its nucleus. The remainder of the larger cells 
become of the same size as their neighbours. The ovum now 
becomes more or less separate from the mass of germinal cells, 
rapidly grows in size, and soon forms the most considerable 
constituent of the follicle (fig. i6, oti). The 
remaining germinal cells are quite passive, 
and though, with the exception of the 
central cell, they do not appear to atrophy, 
they soon constitute a relatively small 
prominence on the surface of the ovum. 

By the rupture of the stalk the whole 
follicle becomes eventually detached, and 
the further development of the ovum takes 
place in the body cavity. A vitelline 
membrane is formed, and eventually the 
ovum is taken into the oviduct (segmental 
organ). At this time or slightly before, follicular epithelium, 
the follicle cells together with the germinal mass, which through- 
out exhibits no signs of atrophy, become thrown off, and the 
ovum is left invested in its vitelline membrane, 

Nematoda. 

(44) Ed. Claparede. Dc la formation el de la ficondation des mtfs chez les Vers 
Nhnatodes, Geneve, 1859. 

(45) R, Leuckart, Die menschlichen Parasiten. 

(46) H. Munk. “ Ueb. Ei- u. Samenbildung u. Befruchtung b. d. Nematoden.” 
Zeit. f wiss. ZooUf Vol. ix. 1858. 

(47) H. Nelson. “On the reproduction of Ascaris mystax, etc.” Phil, Trans, 
1852. 

(48) A. Schneider, Monograjthie d, Nematoden, Berlin, 1866, 

The female organs consist as a rule of two caecal tubes which 
unite before opening to the exterior. Each of these is divided 
into a vagina, uterus, oviduct, and ovary. The ovary constitutes 
the blind end of the tube, and is formed of a common protoplas- 
mic column, holding a number of nuclei in suspension. The 
protoplasm becomes cleft around the nuclei in the uppermost 
part of the tube ; the circumscription of the ova proceeds, how- 
ever, very gradually, and since it commences at the periphery 
of the column the ova remain attached by stalks to a central 
axis with one end free. In this way there is formed a rod-like 



Fig. 16. Follicle of 

BONELLIA AT A MEDIUM 
STAGE OF DEVELOPMENT. 

(After .Spengel.) 
ov. ovum, fe, flattened 
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Structure known as the rachis, which consists of a central axis 
with a series of half circumscribed ova radiately aiTang'ed round 
it. In the lowest part of the ovary the ova become completely 
isolated and form separate cells. 

The protoplasm of the ova, which is clear in the terminal 
division of the ovary, becomes in most forms filled lower down 
with yolk-spherules secreted in the body of the ova. These 
commence to appear at the uppermost extremity of the rachis. 

In some instances, eg. CucuHanus elegans, yolk-spherules are not 
formed. In the Oxyuridae the ova are directly segmented off from the 
terminal syncytium of protoplasm without the intervention of a rachis ; 
and are therefore formed in the same way as amongst Trematodes, etc. 

The origin of the membrane around the ova of the Nematoda has been 
much disputed. 

At the time when the ovum is detached from the rachis no membrane 
is present, but it nevertheless appears from Schneider’s observations that the 
region at which it is detached is softer than other parts, so that a kind of 
micropyle is here formed which disappears after impregnation. A delicate 
vitelline membrane then appears, around which there is subsequently 
established an egg-shell, which is usually stated to be formed as a secretion 
of the walls of the uterus ; but Schneider and Leuckart have given .strong 
grounds for believing that it is really a further diffei*entiation of the vitel- 
line membrane due to the activity of the protoplasm of the ovum. The 
originally single membrane becomes as it thickens split into two layers. 
The outer of these forms the true egg-shell, and the fertilization of the 
ovum appears to be a necessary pi-elude to its production. Round the egg- 
shell the walls of the uterus often secrete a special albuminous covering. 

The egg-shell exhibits in many cases peculiar sculpturings as well 
as terminal prolongations. 

INSECTA. 

(49) A. Brandt, Ueber das Ei ti. seine Bildungsstdite. Leipzig, 1878. 

(50) T. H. lluxley, “ On the agamic reproduction and morphology of Aphis.” 
Linncan Trans. ^ Vol. xxii. 1858. Fide also Manuad of fnveriebmted Animals, 1877. 

(ol) R. Leuckart. “Ueber die Micropyle u. den feinern Bau d. Schalenhaut 
hei den Insecieneiern.” Muller's Arckiv, 1855. 

(53) Fr. Leydig. Der Eierstock u. die Samentasche d. Znsectetu Dresden, 1866. 

(53) Lubbock. “ The ova and pseudova. of Insects.” Phil. Trans. 1859. 

{oi) St&in. Die weiblichen GesMeehtsorgane d. Md/er. Berlin, 1847. 

[Conf. also Claus, LandoiSj Weismann, Ludwig (No. 4).] 

The ovum of Insects has formed the subject of numerous 
investigations, and has played an important part in the con- 
troversies on the nature of the ovum. 
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The ovaries are paired organs, rarely directly connected, 
each consisting of more or fewer ovarian tubes which open into 
a common oviduct. The oviducts unite into a vagina, usually 
provided with a spermatheca and accessory glands, which need 
not be further alluded to. Each ovary is invested by a peri- 
toneal covering, which assumes various characters, and either 
forms a loose network covering the whole or a special tunic 
round each egg-tube. It is continuous with the general peri- 
toneal investment. Each ovarian tube (fig. 17) consists of three 
sections: (i) a terminal thread, 

(2) the terminal chamber or ger- 

mogen, (3) the egg-tube proper. \ ^ 

The whole egg-tube is invested M 

in a structureless tunica propria. mj 

The terminal threads are fine prolon- W 

gations of the ends of the egg-tubes usually 

continued close up to the heart. At their M 

extremities they frequently anastomose, j 

or even unite into a common thread. In 

some cases they are absent. They form 

either direct continuations of the ger- /fe/ 

mogen and have the same histological 

structure, or in other cases are simply ^ o( 

prolongations of the tunica propria, and — ■" 

serve as ligaments. i 

The germogen usually consists I 

of two parts : an upper, filled with 
nuclei imbedded in protoplasm, 1 /^ 
and a lower, in which distinct cells I U 

have become differentiated. \\ 'i 

The lower part of the egg- tubes // ( \ 

is filled with ova which advance in I ] 

development towards the oviduct, 1 ' - ) 

and lie in chambers more or less 

,. .. i j r u Fig. 17. Ovarian TUBE OF THE 

distinctly constricted from each flea, Pulex irritans. (From 

other. In these chambers there Gegenbaur, after Lubbock.) 

' . , , . . i7. ovum. germinal vesicle, 

are in most forms in addition to Ovarian tube of a Beetle, 
the true ova a certain number of c^usvioiacevs. (After Lub. 
nutritive cells. The true egg-tubes b. ovarian segment, formed of an 

]■ j i_ 'll ovum a, and a mass of yolk-cells, 

are moreover lined by an epithe- ’ ■ ’ 
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lial layer which passes in and forms more or less complete 
septa between the successive chambers. The points which 
have been especially controverted are (i) the relation of the 
ovum to the germogen, and (2) the relation of the nutritive 
or yolk-cells to the ovum. To the controversies on these points 
it will only be possible to give a passing allusion. 

As has been already hinted there are two distinct types 
of ovaries, viz. those without the so-called nutritive or yolk- 
cells and those with themh 

The formation of the ovum is most simple in the type 
without yolk-cells, which will for that reason be first considered 
(fig. 17 -4). 

The germogen is constituted of a number of nuclei imbedded 
in a scanty cementing protoplasm. In the lower part of the 
germogen the nuclei are larger, and become separated off from 
the nucleated protoplasm above, as distinct cells with a thin 
layer of protoplasm round the germinal vesicle. These cells 
are the ova. As they pass down the egg-tube their protoplasm 
increases in bulk, and they become isolated by ingrowths of the 
epithelial cells the origin of which is still uncertain, which form 
round each ovum a special follicle, so that the egg-tube is filled 
by a single row of ova each in an epithelial follicle (fig. 17 A). 
The larger the ova the more columnar is the epithelium of the 
follicle. As the oviductal extremity of the egg-tube is ap- 
proached the ova increase in size, and their protoplasm is more 
and more filled with yolk particles. 

In the lower part of the egg-tube the epithelium gives rise to 
a chorion. 

The epithelium around each ovum has been spoken of as forming a 
follicle, and it is implied that the epithelium round each ovum travels down 
the egg-tube with the ovum. It is however by no means clear from the 
observations of the majority of writers that this is the case, and in fact the 
epithelium is generally spoken of as if it were simply the epithelium of the 
egg-tube. In favour of the view here adopted the following considerations 
may be urged. 

Firstly, there is considerable evidence that the superficial layer of 
the germogen gives rise to the epithelial cells, simultaneously with the 
formation of the ova from the deeper layers. 

1 For a list of the genera with and without nutritive cells, mdg Brandt, pp. 47 
and 48 
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Secondly, the fact that the epithelium grows in between the separa 
ova appears to render it almost certain that this part of the epit e wn’ 
must travel down the egg- tubes with the ova. ... 

Thirdly, the epithelium no doubt gives rise to the chorion, and const enng 
the peculiar structure of the chorion, this seems possible only on the vie’v 
that the epithelium travels down the egg-tube with the ova. , 

Fourthly, when, or even before, the egg is laid the epithelium un e 
goes atrophy, and the remains of it have been compared to the corpora 
lutea. . r 

If the view about the epithelium here adopted is correct, the 
without doubt corresponds to the follicular epithelium of other ova, an a 
the same origin as the ova themselves. 


The ovaries with yolk-cells differ in appearance from those 
without, mainly in each ovarian chamber of an egg- tube con- 
taining two elements, usually more or less distinctly separate . 
These two elements are (i) at the lower end of the chambeij t e 
ovum, and (2) at the upper, large cells which gradually disappear 
as the ovum grows larger (fig. 17^)- 

The uppermost part of the egg-tube is formed, as in the pre- 
vious type, by a mass of nucleated protoplasm, but the germma 
cells formed from it do not all become ova. The germinal ce s 
leave the germogen in batches, and in each batch one of the ce s 
may usually be distinguished from the very first as the ovum , 
the remainder forming the nutritive cells. In the uppei”^®^ 
part of the egg-tube the whole mass of each batch is very sma , 
and the successive batches are very imperfectly constricted rom 
each other. Gradually however both the nutritive cells and t e 
ovum grow in size, and then as a rule, the Diptera forming a 
marked exception, the chamber containing a batch becomes con 
stricted into an upper section with the nutritive cells and a lowei 
one with the ovum. The ovum in passing down the 
comes gradually invested by a layer of epithelial cells, whic m 
many cases pass in and partially separate the ovum from t e 
nutritive cells. The epithelium appears not unfrequently to be 
continued as a flat layer between the nutritive cells and the wa 
of the egg-tube. 

As was first shewn by Huxley and Lubbock, the protoplasm of the 
ovum is often continued up as a solid cord, which terminates freely between 
the nutritive cells, and serves to bring- to the ovum the xnaterial elaborat^e 
by them. It is present in its most primitive form in the somew at 
B. II. 4 
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aberrant ovary of Coccus. In this ovary the terminal chamber is filled 
with cells which are united to a central rachis, as in Nematodes, and the 
prolongation from the ovum is continuous with this rachis. This cord 
is known as the yolk-duct (Dottergang) by German writers. Although it 
is not generally present in a distinct form, there is always a passage 
connecting the ovum and yolk-cells, even when the follicular epithelium 
grows in and nearly separates them. 

The number of nutritive cells varies from two (one .^) to 
several dozen. After they have reached a maximum they gradu- 
ally atrophy, and are finally absorbed without apparently fus- 
ing directly with the ovum. The two types of insect ovaries 
appear fundamentally to differ in this. In the one type all the 
germinal cells develop into ova ; in the other the quantity is, so 
to speak, sacrificed to the quality, and the majority of germinal 
cells are modified so as to subserve the nutrition of the few. It 
is still undecided whether the yolk-cells absolutely elaborate 
yolk particles, or are merely conveyers of nutriment to the ovum. 

The egg-membranes of Insects present many points of in- 
terest, which are however for the most part beyond the scope of 
this work. There is always a chorion formed as a cuticular 
deposit of the follicle cells, which is frequently sculptured, finely 
perforated, etc., and is in many instances provided with a micro- 
pyle, developed, according to Leydig, at the upper end of the 
ovum. 

Its development at this point appears to be due to the fact 
that the follicle is here incomplete ; so that the cuticular mem- 
brane deposited by it is also incomplete. 

A true vitelline membrane can in many instances be demon- 
strated (Donacia, etc.). 

Araneina. 

(55) Victor Caru.s. “ Ueh. d. Entwick. d. Spinneneies.'* Zeit.f. whs. ZooL^ 
Vol. II. 1850. 

(56) V. Wittich. “Die Entstehung d. Arachnideneies im Eieratock, etc.” 

Mull^'h Arckiv. 1849. . 

[Conf. Leydig, Balbiani, Ludwig (No. 4), etc.] 

The ova of many Araneina are remarkable for the presence 
in the ovum of the so-called yolk-nucleus. The ova develop 
from the epithelial cells lining the ovarian sack. Certain of these 
cells grow large and project outwards, invested by the structure- 
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less membrane of the ovarian wall. The stalks of projections 
so formed are turned towards the lumen of the ovary, and are 
plugged with the epithelial cells which line the ovarian sack. 
When ripe, the ova pass from their sacks into the cavity of the 
ovary. The yolk-nucleus, which appears very early, is a solid 
body present in the protoplasm of the ovum. It is not found in 
all genera of Araneina. At its full development it exhibits in 
the fresh condition a granular structure, but very soon shews an 
irregularly concentric stratification which becomes more marked 
on the addition of reagents. According to Balbiani this strati- 
fication is confined to the superficial layers, while internally there 
is a body with all the characters of a cell. The yolk-nucleus is 
still found in the nearly ripe ovum, though it always disappears 
before development commences. It is probably connected with 
the nutrition of the ovum, though nothing is certainly known 
about its function. 

Crustacea. 

(57) Aug. Weismann. “ Ueb. d. Bildung von Wintereiern bei Leptodora 
hyalina.” Zeit.f. mss. ZooL, Vol. xxvii. 1876 . 

[For general literature vide Ludwig No. 4 and Ed. van Beneden, No. 1.] 

Amongst the many interesting observations on the Crustacean 
ova I will only allude to those of Weismann on the ova of Lepto- 
dora, a well-known Cladoceran form. 

The phenomena of the development of the ova in this form 
present a close analogy with those in Insects. 

The ovary is formed of (i) a germogen containing at its upper 
end nucleated protoplasm and lower down germinal cells in 
groups of four ; (2) of a portion formed of successive chambers 
in each of which there is a row of four germinal cells. Of the 
four cells only the third develops into an ovum ; the remainder 
are used as pabulum. This is the mode of development in the 
summer. In the winter the sacrifice of a larger number of germi- 
nal cells is required for the development of the ova; and an 
ovum is produced only in the alternate chambers. In the 
chambers where an ovum will not be formed an epithelial invest- 
ment becomes first established round the four germinal cells. 
The four cells then coalesce, and form a spherical ball of proto- 
plasm from which portions are budded off and absorbed by the 
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investing epithelial cells, which at the same time lose their nuclei. 
When the whole of the central ball is thus absorbed by the 
epithelial cells, the latter become used by the winter ovum as 
food. The winter ovum at its full development is formed of a 
central mass of food-yolk and superficial layer of protoplasm. 

Chordata. 

Urochorda. (Tunicata.) 

( 38 ) A. Kowalevsky. “Weitere Stixclien ii. cl. Entwickhing d. Ascidien.” 
Archivf, micr. AnaL, Vol. Vll. 1871, 

( 59 ) A. Kowalevsky. “ Ueber Enlwicktongsgescliidite d. Pyrosoma.” Arc/i- 
/. micy. Anat., Vol. XI. 1875. 

( 60 ) Kupffer. “ Stammvei-vvandtschaft zwisclien Ascidien u. Wirbelthieren.” 
Arch. f. niicr. Anat., Mol. \l. 

( 61 ) Giard. “ Etude.s critiques des travaiix, etc.” Archives Zool. experimcnL ^ 
Vol. I. 1872. 

( 62 ) C. Semper, “Ueber die Entstehung, etc.” Arkiten <t, A. zoo/.-zooA 
Institiif Wiirdmrg, Bel. n. 1875. 

Cephalochorda. 

( 63 ) P. Langerhans. “Z. Anatomic d. Ampluo.xus lanceolatus,” pp. 330—3. 
Archiv f. mik)\ Aunt.^NcA. y.i\. 

Craniata. 

( 64 ) F. M. Balfour. “On the structure and development of the Vertebrate 
Ovary.” Quart, J. of Micr. Science, Vol. xvm. 1878. 

(66) Th. Eimer. “ Untensuchungen U. d. Eier d. Reptilien.” Archivf niihr. 
Anat., Vol. viii. 1872. 

(66) Pfliiger. Die Eiersiocke <i. Siiugcihiere u. d. Menschen. Leipzig, 1H63. 

( 67 ) J. F oulis. “ On the development of the ova and structure of the ovary in 
Man and other Mammalia.” Qmrt. J. of Micr. Science, Vol. .xvi. 1876. 

(68) J. Foul is, “The development of the ova, etc.” Journal of Ana/, and 
Phys., Vol. xiii. 1878— y. 

( 69 ) C. Gegcnbaiir. “ Ueb. d. Ban u. d. Entwickhing d. Wirbolthiereier mil 
partieller Dottertheilung.” MiiUePs Archiv, 

( 70 ) Alex. Gbtte. Entmcklungsgeschichte d. Unhe, Leipzig, 1875. 

( 71 ) W. His. Untersuchungen nh, d. Ei ti. d. Eientivkkhmg bei Knockenjischen. 
Leipzig, 1873. 

( 72 ) A. Kolliker. Entwicklnngsgeschichte d. Menseken u. hlihcrer Thiere. 
Leipzig, 1878. 

( 73 ) J, Muller. “ Ueber d. zahlreichen Porenkaniile in ch Eikapsel cl. Fische.” 
Muller's Arc hiv, 1854. 

( 74 ) W. H. Ransom. “On the impregnation of the ovum in the Stickleback.” 
Pro. R. Society, Vol. vn. 1854. 

( 75 ) C. Semper. “ Das Urogenitalsystem d. Plagiostomen, etc.” Arbeiten a. 
d. zool.-zoot. Instit. Wurzburg, NoX. 

[Uf. Ludwig, No. 4 , Ed. van Beneden, No. 1 , Waldeyer, No. 6, &C.J 
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There are some very obscure points connected with the growth 
^ of the ovum of the Tunicata. When quite young the ovum is a 

naked cell with a central nucleus containing a single large 
nucleolus. Around it is a flat follicular epithelium enclosed in 
a membrana propria folliculi. The follicle cells soon be- 
come larger and give rise to an envelope round the egg of the 
nature of a chorion. At the same time they frequently become 
cubical or even columnar, and filled with numerous vacuoles. 

During or after the completion of the above changes a num- 
ber of bodies usually spoken of as test-cells make their appear- 
ance in the superficial protoplasm of the egg, which by the time 
the egg is ripe arrange themselves in many species as a definite 
layer round the periphery of the ovum. These bodies have 
received their name from the opinion, now known to be erroneous 
(Hertwig and Semper), that they eventually migrated into the 
test or mantle of the embryo which becomes developed round 
the ovum. By Kowalevsky (No. 58) the.se bodies are regarded 
as true cells, and are believed to be formed by some of the cells 
of the original follicular epithelium making their way into the 

^ vitellus of the ovum and multiplying there. By Kupffer (No. 60), 

and Giard (No. 61), and Fol, they are also regarded as true cells, 
but are believed to originate spontaneously in the vitellus. 
Finally by Semper they are believed not to be cells, but to be 
amoeboid protoplasmic bodies which are pressed out from the 
vitellus under the stimulus of the sea-water or otherwise. 

They do not according to this author naturally appear till the ovum 
is quite ripe, though they can be artificially produced at an earlier period 
by the action of reagents or sea-water. When produced in the natural 
course of things the vitelhrs undergoes a contraction. They are without 
any apparent function, and play no part in the embiyonic development. 
Semper’s results are very peculiar, but owing to the careful study which 
his paper displays they no doubt deserve attention. Further investigations 
are however very desirable. Kowalevsky from his researches on Pyrosoma 
(No. 59) adheres to his first opinion, though he abandons the view that 
these ceils are connected with the formation of the test. 

In the passage of the egg through the oviduct the vacuolated 
^ follicle cells grow out into very peculiar long processes or villi. 
In Ascidia canina these processes become as long as the whole 
diameter of the vitellus (Kupfler, No. 60). 
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In Ampliioxus and the Craniata the ova are developed as in 
the CliEEtopoda, Gephyrea, etc., from specialized germinal cells 
of the peritoneal epithelium. 

In Ampliioxus the germinal epithelium which constitutes the 
essential part of the ovary is divided into a number of distinct 
segments: in the Craniata no such division is observable. 

In young examples of Amphioxus the generative organs are 
in an indifferent condition, and the two sexes cannot be dis- 
tinguished. They form isolated horse-shoe shaped masses of 
cells, which occupy a position at the base of the myotomes, in 
the intervals between the successive segments; and extend from 
the hinder end of the respiratory sack to the abdominal pore. 
They are situated in the proper body cavity, and are surrounded 
by the peritoneal membrane. Each generative mass is at first 
solid, and is formed of an outer layer of more flattened cells and 
an inner mass of large rounded or polygonal cells. In its interior 
there appears at a somewhat later period a central cavity. After 
the cavity has appeared the sexes can be distinguished by the 
different behaviour of the cells. 

In all the Craniata, the ovary forms a paired ridge (unless 
single by abortion or fusion) attached by a mesentery to the 
dorsal wall of a more or less extended region of the abdominal 
cavity. This ridge is at first identical in the two sexes, and 
arises at an early period, of embryonic life. It is essentially 
formed of a thickening of the peritoneal epithelium, and in 
Osseous Fish, Ganoids (?) and Amphibia the ovary remains 
during embryonic life nearly in this condition, though a small 
prominence of the adjacent stroma also becomes formed. In 
other Craniata the ridge, though at first in this condition, very 
soon becomes much more prominent, and is formed of a central 
core of stroma enclosed in the germinal epithelium (fig. i8). 

The thickened germinal epithelium gives rise (in the case of 
the female) to the ova and the follicular epithelium. Whether 
the genital ridge is provided with a core of stroma or no, the 
germinal epithelium is always in contact on one side with the 
stroma, from which it is at first separated by a well-marked 
boundary line ; but after a certain time there appear numerous 
vascular ingrowths from the stroma, which penetrate through all 
parts of the germinal epithelium, and break it up into a sponge- 
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like structure formed of trabeculae of germinal epithelium inter- 
penetrated by vascular strands of stroma. The trabeculae of the 
germinal epithelium form the egg-tubes of Pfliiger, 

With reference to the distribution of the stroma in the germi- 
nal epithelium, it may be said in a general way that there is a 
special layer close to the surface of the ovary, which, after the 
formation of fresh ova has nearly ceased, completely isolates a 
superficial layer of the germinal epithelium from the deeper and 
major part of it. The superficial layer is frequently (but errone- 
ously) regarded as constituting the whole of the germinal epi- 
thelium. The layer of stroma below the superficial epithelium 
forms in the mammalian ovary the tunica albuginea. As the 
follicles are formed in the trabeculae of germinal epithelium the 
stroma grows in around them, and forms for each one of them a 
special tunic. 


Fm. i8. Transverse section through the ovary of a young emisryo of 

SCYI.UUM CANICUI.A, TO SHEW THE PRIMITIVE GERMINAL CELLS (po) LYING IN 
THE GERMINAL EPITHELIUM ON THE OUTER SIDE OF THE OVARIAN RIDGE. 


The adult ovaries differ in a corresponding manner to the em- 
bryonic genital ridges as to the presence of a core of stroma. 
The ovaries which are without such a core in the embryo, are 
also without it in the adult, and are formed of a double layer of 
tissue entirely derived from the germinal epithelium with its in- 
growths of stroma, and composed, for the most part, of ova in 
all stages of development. In the Case of the other ovaries there 
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is a hilus of stroma— the zona vasculosa—intcrnal to the 
bearing region. 

In Mammalia, proportionately to the ovary, the zona vasculosa ih at a 
maximum, and in Birds and Reptiles it is relatively far less <1 cv(!]o]h;( 1. 1 a 

these forms the germinal epithelium covers the whole surface of tiie ovary. 
In Elasmobranchii the structure of the ovary is somewhat tlifleivnl, owing 
to the presence in the ovarian ridge of a large ipiantily of a ]>eeuliar 
lymphatic tissue, which has mo homologue in the other ovarie.s; and still 
more to the fact that the true germinal epithelium is in most forms entirely 
confined to the outer surface of the ovary, on which it forms a layer 
of thickened epithelium in the embryo (fig. 17 ), and of ovigerous tissue in 
the adult. 

In the ovary of Mammalia and Reptilia and possibly other forms there 
are present in the zona vasculosa during embryonic life cords of epithelial 
tissue derived from the Malpighian bodies; these cord.s have no function 
in the female, but in the male assist in forming the seminiferous tubules. 

In considering the development of the ova it i.s again con- 
venient to distinguish between Amphioxu.s and tlie Craniata. 

In Amphioxus the germinal cells destined to become ova are 
first distinguished by the larger size of their germinal vcsicle.s and 
by the presence of certain refracting granule.s in their prot6[)la.sm. 
They subsequently rapidly enlarge and form protubcrance.s on the 
surface of the ovary, which are enveloped for threc-quartens of 
their circumference by the flattened epithelioid cells of the peri- 
toneal membrane, which thus form a kind of follicle. As the 
ova become ripe yolk-granules are deposited in their protoplasm, 
first in the superficial layer and subsequently thremghout. The 
germinal vesicle also passes from the centre to the surface. A 
vitelline membrane is formed when the ova are mature. 

In the Craniata the ova arc developed from the cells of the 
germinal epithelium. In the types with larger ova (Telco.stei, 
Elasmobranchii, Amphibia, Reptilia, Aves), at a very early peri(x}, 
sometimes (Elasmobranchii) even before the formation of the 
genital ridge, certain of the cells which are destined to form ova 
become distinguished by their greater size, and by the possession 
of an abundant clear protoplasm and a large spherical granular 
nucleus. (Fig. iS,po.) Such special cells form primitive germi- 
nal cells, and are common to both sexes. 

hor a considerable period after their first formation these cells 
remain stationary in their development; but their number in- 
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creases, partly, it appears, by an addition of fresh ones, and partly 
by division. Owing to the latter process the germinal cells 
come to form small masses or nests. The following description 
of the further changes of these cells in the female refers in the 
finst instance to Elasmobranchii, but holds good in most respects 
for other types as well. 

It is convenient to distinguish two modes in which the primi- 
tive germinal cells may become converted into permanent ova, 
though the morphological difference between the two modes is 
of no great importance. 

In the first mode the protoplasm of all the cells forming a 
nest unites into a single mass containing the nuclei of the pre- 
viously independent ova (fig. 19, mi). The nuclei in the nest in- 
crease in number, probably by division, and at the same time the 
nest itself increa.ses in size. The nuclei while increasing in 



Fig. 19. Section through tart of the germinal epithelium of the ovary 

OF SCYLLIUM AT THE TIME WHEN THE PRIMITIVE GERMINAL CELLS ARE 
BECOMING CONVERTEU INTO OVA. 

nn. Nests formed of agglomerated genninal cells. The nuclei of these cells are 
imbedded in undivided protoplasm, do. developing ova. o. ovum vi'itli follicle. 
po. primitive germinal cell. dv. blood-vessels. 

number also undergo important changes. A segregation of their 
contents takes place, and the granular part (nuclear substance) 
forms a mass close to one side of the membrane of the nucleus, 
while the remainder of the nucleus is filled with a clear fluid. 
The whole nucleus at the same time increases somewhat in size. 
The granular mass gradually assumes a stellate form, and finally 
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becomes a beautiful reticulum, of the character so well known in 
nuclei (fig. ig, do). Two or three special nucleoli arc present, » 

and form the nodal points of the reticulum, while its meshes arc 
filled up with the clear fluid constituents of the nucleus. Not all 
the nuclei undergo the above changes ; but some of them stop 
short in their development, undergo atrophy, and appear finally 
to be absorbed as pabulum by the protoplasm of the nest. Such 
nuclei in a state of degeneration are shewn in fig. 19. Thus only 
a few nuclei out of a nest undergo a complete development. At 
first the protoplasm of the nest is clear and transparent, but as 
the nuclei undergo their changes the protoplasm becomes more 
granular, and a specially large quantity of granular protoplasm 
is generally present around the most developed nuclei, and these 
with their protoplasm gradually become constricted off from the 
nest, and constitute the permanent ova (fig. 19, do). The rela- 
tive number of ova which may develop from a single nest is 
subject to great variation. The object of the whole occurrence 
of the fusion of primitive ova and the subsequent atrophy of 
some of them is to ensure the adequate nutrition of a certain 
number of them. ♦ 

In the second and rarer mode of development of permanent 
ova from primitive germinal cells, the nuclei and protoplasm 
undergo the same changes as in the first mode, but the cells either 
remain isolated, and never form part of a nest, or form part of a 
nest in which no fusion of protoplasm takes place, and in which 
all the cells develop into permanent ova. 

The isolated ova and nests are situated, during the whole of 
the above changes, amongst the general undifferentiated cells of 
the germinal epithelium, but as soon as a permanent ovum be- 
comes formed the cells adjoining it arrange themselves around it 
as a special layer, and so give rise to the epithelium of the follicle 
(fig. 19, 0). The growths of stroma into the germinal epithelium 
appear shortly after the formation of the earlier follicles, 

Maimnalia. The development of the ovary in Mammalia 
differs mainly from that just described in that the formation of 
primitive germinal cells from the indifferent cells of the germinal 
epithelium takes place at a relatively much later period. ■ - 

The stroma grows into the germinal epithelium while it is still 
formed of rounded indifferent cells, and divides it into trabcculm 
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as described above. At a later period a number of the cells in 
the deeper layer of the epithelium, as well as certain cells in the 
superficial part, become primitive germinal cells, while the re- 
mainder of the cells become smaller and are destined to form the 
follicle cells. 

The most conspicuous primitive germinal cells are situated 
in the superficial layer of epithelium ; and the primitive germinal 
cells in the deeper layers of the germinal epithelium are not 
nearly so marked as in most Craniata, so that it is difficult in some 
cases to be sure of their destination till their nucleus commences 
to undergo its characteristic metamorphosis. 

The change of the primitive ova into permanent ova takes 
place in the same manner in Mammals as in Elasmobranchii, 
except that the fusion of the primitive ova into polynuclear 
masses is much rarer. The formation of the at first quite simple 
follicles takes place while the ova are still aggregated in large 
masses ; and the first follicles are formed in the innermost part 
of the germinal epithelium. Soon after their formation the folli- 
cles become isolated by connective-tissue growths. 


Post-embryo7iic development of the ova. 

The ova of the Vertebrata differ greatly in size and structure. 
The differences in size depend upon the quantity of the food- 
yolk. In the Amphioxus and Mammalia, in which the ova are 
smallest, the comparatively insignificant amount of food-yolk is 
distributed uniformly through the ovum. A larger quantity of 
it is present in the ova of Amphibia, Marsipobranchii and Teleostei, 
and it attains an immense development in the ova of Elasmo- 
branchii, Reptilia, and Aves. 

The food-yolk originates from a differentiation of the proto- 
plasm of the egg. It arises as a number of small highly refract- 
ing particles in a stratum slightly below the surface. 

In the Mammalian ovum these particles spread through the protoplasm 
of the egg, but do not attain any considerable development. In other 
forms the case is different. In Elasmobranch Fishes the refracting particles 
appear to develop into vesicles, in the interior of which there arise 
solid oval or even rectangular highly refracting bodies, in the substance 
of which a stratification may usually be observed, which gives them 
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an appearance not unlike that of striated muscle. In Teleostci the 
yolk assumes very different characters in different cases. It is often 
formed of larger or smaller vesicles containing in their interior other 
bodies. Stratified plates like those of Elasmobi'anchii are also Jiot un- 
common. In the ripe ovum of Teleostei the food-yolk usually resolves 
itself into a large vitelline sphere, which occupies the greater part of 
the ovum, and is formed of a highly refracting fluid material which 
coagulates on the addition of water. It contains in many instances one 
or more highly refracting bodies known as oil globules, and is invested 
by a granular protoplasmic layer continuous with the germinal disc, in 
which a number of normal yolk-spherules are frequently present. In the 
ovum of the Herring^ no distinct investing protoplasmic layer or germinal 
disc is present till after impregnation, but the ovum is formed of a super- 
ficial layer with minute yolk-spherules, and of a central portion with lai'ger 
yolk-spheres. 

In Amphibia the yolk very often appears in the form of oval or cjuadri- 
lateral plates. In Reptilia the yolk-spherules are vesicles, somewhat similar 
to the white yolk-spheres of Aves, but as a rule without the highly refracting 
spheres in their interior. The peculiar and complicated arrangement and 
structure of the white and yellow yolk in Birds is fully described in the 
“Elements of Embryology,” and it need only be said that the yolk develops 
in Birds in the same manner as in other types, and that at first all the yolk- 
spherules appear in the form of white yolk. The yellow yolk-spheres are a 
peculiar modification of white yolk-spheres, formed comparatively late in the 
development of the egg (fig. 20). 


A 



Fig. 20. Youc klements from the egg op the Fowi,. 
y?. Yellow yolk. B. White yolk. 


In the eggs of many Amphibia a dark granular mass known as the yolk 
nucleus makes its appearance ; and is supposed, without any very clear evi- 
dence, to be related to the formation of the yolk. 

A body in the form of a shell enclosing a dark nucleus, which 
is perhaps of the same nature, has been described by Eiiner in the 
Reptilian egg : it eventually resolves itself into a number of angular 
fragments. In Elasmobranchii a similar body is perhaps present. 

The food-yolk just described is imbedded in the active proto- 
plasmic portion of the body of the ovum. In the case of the 

MCupffer, Laichen u. Entwkklimg des Ostsee- Barings, Berlin, 1878. 
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mammalian ovum the food-yolk is fairly uniformly distributed, 
but in the case of all other craniate ova the protoplasm of the 
ovum is especially concentrated at one pole, which is known as 
the upper or animal pole, and the food-yolk is more especially 
concentrated at the opposite pole. The Herring’s ovum forms 
an apparent exception to this statement, in that the concentra- 
tion of the protoplasm to form the germinal disc does not take 
place till after impregnation. In Amphibia the animal pole is 
mainly marked by the smaller size of the yolk-spherules, but in 
most other forms a small portion of the ovum in the region ol 
the germinal vesicle is nearly free from yolk-spherules, and then 
forms a more or less specialized part known as the germinal 
disc. ' In Aves, Reptilia, and Elasmobranchii the germinal disc 
shades off insensibly into the yolk ; but in Teleostei it is more 
sharply marked off, and is continued more or less completely 
round the periphery of the ovum. In ova with true germinal 
discs it is the germinal disc alone which undergoes segmentation. 
The protoplasm of vertebrate ova frequently exhibits a reticulate 
or sponge-like structure (fig. 21) and the reticulum in many 
cases, e.g. Elasmobranchii and Reptilia, serves to hold the yolk- 
spheres together. In the Tench it has been observed by Bam- 
beke to penetrate into the vitelline sphere. 

In the ova of the Craniata the germinal vesicle is generally 
polynucleolai*. In Amphioxus and Petromyzon there is how- 
ever but a single nucleolus, and in Mammalia there is usually 
one special nucleolus and two or three accessory ones. The 
opposite extreme is reached in many osseous fish where the 
nucleoli are extremely numerous. The protoplasmic reticulum 
of the embryonic germinal vesicle may in some instances be 
retained till the ovum is nearly ripe, but usually assumes a very 
granular form. It is at first connected with the nucleoli which 
fqrm nodal points in it, but this relation cannot always be 
detected in the later stages. A membrane, which in the case of 
the larger ova becomes very thick, is always present round the 
germinal vesicle. It is said to be perforated in some Reptilian 
ova (Eimer). As to the position of the germinal vesicle, it is at 
first situated in the centre of the ovum, but always eventually 
travels to the animal pole, and as the egg becomes ripe under- 
goes changes which will be more especially detailed in the next 
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chapter. In the ova with a large amount of food-yolk it assumes 
an eccentric position very early. 

The homologies of the primary egg-membranes of Craniata 
are still involved in some obscurity. There seem to be three 
membranes, which may all coexist, and of which one or more 
are almost always present. These membranes are — 

(1) An outermost usually homogeneous non-perforated 
membrane, which is by most authors regarded as a chorion, 
but is probably a vitelline membrane— by which name I shall 
speak of it. 

(2) A rad lately striated membrane (internal to the former 
when the two coexist) which can be broken up into a series of 
separate columns. These give to the membrane its radiate 
striation, but it is probable that between the columns there are 
pores sufficiently large to admit of the passage of protoplasmic 
filaments. This membrane will be spoken of as the zona radiata. 
It is a differentiation of the outermost layer of the yolk. 

(3) Within the zona radiata a third and delicate membrane 
is occasionally found, especially when the ovum is approaching 
maturity. 

In Elasmobranchii the first membrane to 
be formed is the vitelline membrane, which 
appears in some instances before the forma- 
tion of the follicle — a fact which appears to 
shew that it is really formed as a differentia- 
tion of the protoplasm of the egg. In most 
Elasmobranchii this membrane attains a 
very considerable development. A zona 
radiata is generally (if not always) present 
in Elasmobranchii, but arises at a later 
period than the vitelline membrane (fig. 21, 

Zu). The zona radiata always disappears 
long before the ovum is ripe. The vitelline 
membrane also gradually atrophies, though 
it lasts much longer than the zona radiata. 

When the egg is take;£i up by the oviduct all trace of both mem- 
branes has vanished. In Reptilia precisely the same arrange- 
ments of the membranes are found as in Elasmobranchii, except 
that as a rule the zona radiata is relatively more important. 
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The vitelline membrane is thin except in the Crocodilia. I’he 
third innermost membrane is found according to Eimer in many 
Reptilia. In birds both vitelline membrane and zona radiata 
are present, but the latter atrophies early, leaving the former as 
the sole membrane when the egg is ripe. 

In osseous fish the vitelline membrane is usually either 
absent or may perhaps in some instances, e.g. the Perch, be 
imperfectly represented. In the ripe ovum of the Herring there 
is a distinctly developed membrane external to the zona radiata 
which is probably the vitelline membrane. The zona radiata 
attains a very great development, and is generally provided with 
knobs of various shapes on its outer surface, A delicate mem- 
brane internal to this — my third membrane — has often been 
described, but there is still some doubt about its existence. In 
some cases an external less granular layer of the ovum itself has 
been described as a special membrane. In the Perch a peculiar 
mucous capsule, penetrated by irregular branched prolongations 
of the follicle cells, is present in addition to the ordinary mem- 
branes, In Petromyzon a zona radiata appears to be present, 
which in the adult is divided into two layers, both of them 
radiately striated according to Calberla, but according to Kupffer 
and Benecke the outer one is not perforated, and would appear 
therefore to be a vitelline membrane as defined above. A 
delicate membrane is formed at a comparatively late period 
around the ova of the Amphibia, and is stated (Waldeyer, No. 6, 
and Kolessnikow) to have a delicate radial striation. It probably 
corresponds with the zona radiata. 

In Mammalia a radiately striated membrane — the zona 
radiata — is generally described as being present, and internal to 
it, in the nearly ripe egg, a delicate membrane has been .shewn 
by E, van Beneden to exist. Externally to the zona I'adiata 
there may be observed a granular membrane irregular on its 
outer surface on which the cells of the discus are supported. 
This membrane is more or less distinctly separated from the 
zona radiata ; and by tracing back its development it appears 
very probable that it is the remnant of the first-formed membrane 
in the very young ovum, and therefore the vitelline membrane. 

A micropyle (finst discovered by Ransom, No, 74) is present 
in a large number of osseous fish and in Petromyzon (Calberla). 
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Doubts have been thrown on its existence in the latter form by 
Kupffer and Benecke; and at any rate it would only seem to 
perforate the zona radiata. In the os.seous fish in which it has 
been detected, Salmonidse, Percidm (Gasterosteus), Glupeidm, 
etc., it forms a minute perforation of the zona radiata at the 
animal pole, just large enough to admit a single spermatozoon. 
Its characters differ slightly in different cases, but there is usually 
a shallow depression, in the centre of which it is situated. 

The eggs of all Craniata (except Petromyzon (?)) appear to 
be enclosed in a cellular envelope known as the follicle. The 
cells which form this are, as has been already explained, derived 
from the germinal epithelium^ and frequently arrange themselves 
around the ovum before the appearance of the growths of stroma 
into the epithelium. All young follicles are nearly alike, but as 
they grow older they exhibit various modifications in the 
different groups. They retain their simplest condition as a flat 
epithelial layer in most osseous fish and Amphibia. In most 
other forms the cells become at some period columnar, and are 
generally arranged in two or more layers. There is formed 
externally to the epithelium a delicate membrane — the mem- 
brana propria folliculi — which is in its turn enclosed in a 
vascular connective-tissue sheath. 

In Elasmobi'aiichii and many Reptilia {Lacertilia^ Ophidid) 
some of the cells become much larger than the others, and 
assume a funnel-shaped form with the narrow end in contact 
with the egg-membrane. These large cells, which have a 
regular arrangement in the epithelium, are probably in some 
way connected with the nutrition. They have only been noticed 
in large-yolked ova. Many observers have described prolonga- 
tions of the follicle cells through the pores of the zona radiata in 
Aves, Reptilia and Teleostei. 

The most I'emarkable modification of the follicle is that 
which is found in Mammalia. At first the follicle is similar to 
that of other Vertebrata, and is formed of flat cells derived from 
the germinal cells adjoining the ovum. These cells next become 
columnar and then one or two layers deep. Later they become 

^ For the different views maintained by Foulis, Koliiker, etc. the reader is referred 
to the writings of these author.?. The grounds for the view here adopted will be found 
in niy paper (No. ()4). 
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thicker on one side than on the other, and there appears in the 
thickened mass a cavity, which gradually becomes more dis- 
tended and is filled with an albuminous fluid. As the cavity 
enlarges, the ovum with several layers of cells around it forms 
a prominence projecting into it. The whole structure with its 
tunic is known as the Graafian follicle. The follicle cells are 
known as the membrana granulosa, and the projection, in 
which the ovum lies, as the discus or cumulus proligerus. 
The cells of the discus in immediate contiguity to the ovum 
usually form a more or less specialized layer and are somewhat 
more columnar than the adjoining cells. 

The Spermatozoon. 

Although there is no doubt that the spermatozoon in most 
instances plays as important a part as the ovum in influencing 
the characters of the organism which is evolved from the 
coalesced product of the ovum and spermatozoon, yet the 
actual form of the spermatozoon has not, like the form of the 
ovum, a secondary influence on the early phases of development. 
A comparative history of the spermatozoon is therefore of less 
importance for my purpose than that of the ovum ; and I shall 
confine myself to a few remarks on its general structure, and 
mode of growth. The primary origin of the male germinal cells, 
and their relation to the sperm-forming cells, is dealt with in 
the second part of the treatise. 

Although the minute size of most spermatozoa places great 
difficulties in the way of a satisfactory investigation of them, yet 
there can be but little doubt that they always have the value of 
cells. In the vast majority of instances the spermatic cell or 
.spermatozoon is composed of (i) a spherical or oval portion 
known as th^ head, formed of a nucleus enveloped in an 
extremely delicate layer of protoplasm, and (2) of a motile 
protoplasmic flagellum known as the tail ; which together with 
the investing layer of the head forms the body of the cell. 

As might be anticipated, the proportion, size, and relations 
of the parts of the spermatozoon are subject to great variations. 
The head is often extremely elongated and it is in many cases 
rather on theoretical grounds, than as a result of actual observa- 
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tion, that a protoplasmic layer is stated to be continued round 
the nucleus which forms the main constituent of the head. In 
some of the elongated forms of spermatozoa, in Insecta, 
there is no marked distinction, except in the character of the 
protoplasm, between the head and the tail, A connecting 
element is frequently interposed between the head and tail, 
which appears however to be constituted of the same material as 
the tail, and sometimes forms a thickening on the tail close 
below the head (Amphioxus)/ A very remarkable modification 
of the tail is found in many Amphibia, Reptilia and Mammalia. 
In these types there is attached to what appears to be a normal 
tail a delicate membrane, the outer edge of which is thickened 
to form a kind of secondary filament. In the living spermato- 
zoon this filament is in a state of constant movement. The 
membrane winds spirally round the tail. 

In the majority of forms the tail of the living spermatozoon 
exhibits sinuous cilia-like movements. In two groups the move- 
ments are however of an amoeboid character. These groups are 
the Nematoda and the Crustacea ; and the spermatozoa in both 
of them frequently present very abnormal forms. In Nematoda 
they are pear-shaped, cylindrical, spine-shaped, etc., and are 
mainly formed of protoplasm with a highly refracting nucleus. 
In the Crustacea the variations of form are still greater. In the 
Malacostraca they are sometimes simply spherical (Squilla), 
while in Astacus and a large number of Decapoda they are 
composed of a nucleated body with stellate rays. In Paludina 
amongst the Mollusca there are two forms of completely deve- 
loped spermatozoa existing side by side in the same individual. 

The spermatozoa are formed by the breaking up of the male 
germinal cells, or of cells secondarily derived from them by 
division. The cells which directly give rise by division to the 
spermatozoa may be called spermospores and are equivalent 
to the ova or oospores. 

Amongst the Sponges (Halisarca, Schultze, No. 141) a 
germinal cell, similar to that which in the female becomes an 
ovum, repeatedly divides and eventually gives rise to a ball of 
cells (a spermosphere or sperm-morula), each constituent 
cell of which becomes converted into a spermatozoon, and may 
be designated by the special term ‘spermoblast’ 
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In most Hydrozoa the subepithelial epiblastic cells become 
converted into germinal cells (spermospores), and then break up 
to form spermoblasts, each of which becomes a spermatozoon. 

In most higher Metazoa the spermospores usually form the 
epithelium of an ampulla or tube, though more rarely (many 
ChjEtopoda, Gephyrea, etc.) they may be derived from cells lining 
the body-cavity, as in the case of ova. The spermatozoa are 
formed either by the direct division of the spermospores into a 
number of cells, spermoblasts, each of which groivs into a sper- 
matozoon ; or by the nucleus of the .spermospore becoming 
subdivided within the cell body, the latter differentiating itself 
into the tails of the spermatozoa while the segments of the 
nucleus give rise to the main part of the heads. 

In many instances interstitial cells which do not give rise to spermatozoa, 
are intermingled with the spermospores. 

In a good many cases, as first pointed out by BlomfieldV the whole of 
each spermospore does not become converted into spermatozoa, but part, 
either with or without a segment of the original nucleus, remains passive, 
and carrying as it does the off-budded spermoblasts may be called the 
‘sperm-blastophor.’ This passive portion of protoplasm is not employed 
in the regeneration of the spermoblast. This very singular phenomenon 
has been observed in Elasmobranchii, the Frog, the Earthworm, Helix, etc.^ 
and probably has a much wider extension. In Elasmobranchii (Semper) 
the passive portions of protoplasm are nucleated, and are placed on the 
outer side of the columnar spermospores which line the testicular ampullae ; 
they are not distinctly differentiated till the nuclei, segmented from the 
nucleus of the primitive spermospore to form the heads of the spermatozoa, 
have become fairly numerous. In the Fi'og the passive blastophor also 
occurs as a nucleated mass of protoplasm on the outer side of the spermo- 
spore. In the Earthworm the blastophor forms a central non-nucleated 
portion of the spermospore ; and the whole peripheiy of each spermospore 
becomes converted into spermoblasts. 

It has been already stated in the introduction that the male 
and female generative products are homodyiiamoiis, but the 
consideration of the development of the products in the two 
sexes shews that a single spermatozoon is not equivalent to an 
ovum, but rather that the %vhole of the spermatozoa derived from 
a spermospore are together equivalent to one ovtmi, 

^ Quart, yourn. of Micro. Science^'^fA.'xyi, , 

- Elomfield, loc. cit., p. 83, states that he has observed this fact in LumbrieuS, 
TiilDifer, Hirudo, Helix, Arion, Paludina, Rana, Salaaandra, and Mus. 
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THE MATURATION AND IMPREGNATION OF THE OVUM. 

Maturation of tlu ovum and formation of the polar bodies. 

In the preceding chapter the changes in the ovum were described 
nearly up to the period when it became ripe, and ready to be 
impregnated. Preparatory to the act of impregnation there 
take place however a series of remarkable changes, which more 
especially concern the germinal vesicle. 

The attention of a large number of investigators has recently been 
directed to these changes as well 
as to the phenomena of impregna- 
tion. The results of their investi- 
gations will be described in the 
present chapter ; but for an histori- 
cal account of these investigations, 
as well as for a determination of 
the delicate questions of priority, 
the reader is referred to Fol’s 
memoir (No. 87), and to a paper 
by the author (No. 81). 

The nature of the changes 
which take place in the 
maturation of the ovum may 
perhaps be most convenient- 
ly displayed by following the 
history of a single ovum. 

For this purpose the eggs of JS? (co"S 
Asterias glacialis, which have 

recently formed the subject of a series of beautiful researches 
by Fol (87), may be selected. 

The ripe ovum (fig. 22 ), when detached from the ovary, is 
■formed of a granular vitellus enveloped in a mucilaginous coat, 



Fra. 22. Ripe ovum oe Asteiuas gi.a- 
CIALIS enveloped IN A MUCILAGINOUS 
ENVELOPE, AND CONTAINING AN ECCEN- 
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the zona radiata. It contains an eccentrically-situated germinal 
vesicle and a germinal spot. In the former is present the usual 
protoplasmic reticulum. As soon as the ovum reaches the sea- 
water the germinal vesicle commences to undergo a peculiar 
metamorphosis. It exhibits frequent changes of form, the reti- 



FiG. as- Two SUCCESSIVE SIAGES in the gradual MErAMORPIIOilS or THE 
GDRMI^AI VESICLE AND SPOl Or THE OVUM OF ASTERIAS GLACIVLIS IMMEDI- 
ATELY AFTER IT IS LAID (copied from Fol). 


culum vanishes, its membrane becomes gradually absorbed, its 
outline indented and indistinct, and finally its contents become 
to a certain extent confounded with the vitellus (fig. 23). 

The germinal spot at the same time loses its clearness of out- 
line and gradually disappears from view. 

At this stage, and between it and the stage represented in 
fig. 26, the action of reagents brings to light certain appearances 
the nature of which is not yet fully cleared up for Asterias, which 
have been described somewhat differently by Fol for Ast. glacialis 
and Hertwig for Asteracanthion. 

Fol finds immediately after the stage 
just described that a star is visible 
between the remains of the germinal 
vesicle and the surface of the egg, 
which is connected with an imperfectly- 
formed nuclear spindle extending to- 
wards the germinal vesicle^. At the 
end of the nuclear spindle may be seen 
the broken up fragments of the germi- 
nal spot. 

At a slightly later stage, in the 
place of the original germinal vesicle 
there may be observed in the fresh 

^ By the term ‘nuclear spindle’ I refer to the peculiar form of a double striated cone 
assumed by the nucleus just before division,* which is no doubt familiar to all my 
readers. I use the term star for the peculiar stellate figure usually visible at the poles 
of the nuclear spindle. For a further description of these parts the reader is referred 
to Chapter iv. . 



Fig. 24. Ovum of Asterias gla- 
cialis, SHEWING THE CLEAR SPACES 
IN THE PLACE OF THE GERMINAI. 
VESICLE. Fresh PREPARATION (copied 
from Fol). 
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yo GERMINAL VESICLE. 

ovum two clear spaces (fig. 24)5 one ovoid and nearer the sui'face, and the 
second more irregular in form and situated rather deeper in the vitellus. In 
the upper space parallel striae may be observed. By treatment with reagents 
the first clear space is found to be foi'med of a horizontally-placed spindle 
with two terminal stars, near which irregular remains of the germinal spot 
may be seen. Slightly later (fig. 25) there may be seen on the lower side of 
the spindle a somewhat irregular body, which may possibly be part of the 
remains of the germinal spot, though Fol holds that it is probably part of the 
membrane of the germinal vesicle. The lower clear space visible in the 
fresh ovum now contains a round body, fig. 25. Fol concludes that the 
spindle is formed out of part of the 
germinal vesicle and not from the 
germinal spot, while he sees in the 
round body present in the lower of 
the two clear spaces the metamor- 

phosed germinal spot. He will not, « 

however, assert that no fragment of '' »' 

the germinal spot enters into the for- 

mation of the spindle. ‘'P 

The following is Hertwig’s (No. ’."•iV'diJ,'* ' '' ' ''/'"’-'I 

92) account of the changes in the 
germinal vesicle in Asteracanthion. ^ 

p, . Fig. 25. Ovum of Astkru,s gla- 

Shortly after the egg is laid the proto- ^.j^lis, at the same stage as fig. 24, 
plasm on the side of the germinal treated with picric acid (copied 
vesicle towards the surface of the egg 
develops a prominence which presses 

inwards the wall of the vesicle. At the same time the germinal spot 
develops a large vacuole, in the interior of which is a body consisting of 
nuclear substance, and formed of a firmer and more refractive material than 
the remainder of the germinal spot. In the prominence first mentioned as 
projecting inwards towards the germinal vesicle first one star, formed by 
radial striae of protoplasm, and then a second make their appearance ; while 
the germinal spot appears to have vanished, the outline of the germinal 
vesicle to have become indistinct, and its contents to have mingled with the 
surrounding protoplasm. Treatment with reagents demonstrates that in the 
process of disappearance of the germinal spot the nuclear mass in its vacuole 
forms a rod-like body, the free end of which is situated between the two .stars 
which occupy the prominence indenting the germinal vesicle. At a later 
period granules may be seen at the end of the rod and finally the rod itself 
vanishes. After these changes by the aid of reagents there may be demon- 
strated a spindle between the two stars, which Hertwig believes to grow in 
size as the last remnants of the germinal spot gradually vanish, and he 
maintains that the spindle is formed at the expense of the germinal spot. 
The stage with this spindle corresponds with fig. 25. 

Several of liertwig’s figures closely correspond with those of Fol, and 
considering how conflicting is the evidence before us, it seems necessary 
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to leave open for Asterias the question as to what parts of the germinal 
vesicle are concerned in forming the first spindle. 

A clearer view of the phenomena which take place at this stage 
has been obtained by Fol in the case of Heteropods (Pterotra- 
chaea). In the ovum a few minutes after it has been laid the 
germinal vesicle becomes very pale, and two stars make their 
appearance round a clear substance near its poles. The nucleus 
itself is somewhat elongated, and commences to exhibit at its 
poles longitudinal striae, which gradually extend towards the 
centre at the expense of the nuclear reticulum, from a metamor- 
phosis of which they are directly derived. When the striae of the 
two sides have nearly met, thickenings may be observed in the 
recticulum between them, which give rise, where the striae of 
the two sides unite, to the central thickenings of the fibres 
(nuclear plate). In this way a complete nuclear spindle is 
established k 

The important result of Pol’s observations on Heteropods, 
which tallies also with what is found in Asterias, is that a spindle 
with two stars at its poles is formed from the metamorphosis of 
the germinal vesicle and surrounding protoplasm (fig. 25). 

Polar cells. The spindle has up to 
this time been situated with its axis 
parallel to the surface of the egg, but in 
somewhat older specimens a vertical 
spindle is found, with one end projecting 
into a protoplasmic prominence which 
makes its appearance on the surface of 
the egg (fig. 26). Hertwig believes that 
the spindle simply travels towards the 
surface, and while doing so changes the 
direction of its axis. Fol asserts, how- 
ever, that this is not the case, but that 
between the two phases of the spindle 
an intermediate one is found in which a 
spindle can no longer be seen in the egg, but its place is taken 
by a body with a dentated outline. He has not been able to 
arrive at a conclusion as to what meaning is to be attached to 

For the ftirther details on the nuclear spindle vide the next Chapter. 



Fig. 26. Portion of 

THE OVITM OF ASTERIAS 
GLACIALIS AT THE MOMENT 
OF THE DETACHMENT OF 
THE FIRST POLAR BODY AND 
THE WITHDRAWAL OF THE 
REMAINING PART OF THE 
SPINDLE WITHIN THE OVUM. 

Picric acid preparation 
(copied from Fol). 
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this occurrence, which does not appear to take place in Hetero- 
pods. 

In any case the spindle which 
projects into the prominence on ,, 

the surface of the egg diHdes into „ 

two parts, one in the prominence 
and one in the egg (fig. 26). The 
prominence itself with the enclosed 

portion of the spindle becomes con- of Asterias glaci alis, with the 
stricted off from the egg to form a pik-st polar cell as it api’Ears 

, , ,1 1 .1 1 • , WHEN LIVING (copied from Fol). 

body, well known to embryologists 

as the polar body or cell (fig. 27), Since more than one polar 
cell is formed, that which is the earli- 
est to appear may be called the first 

polar cell. 

The part of the spindle which re- 
mains in the egg becomes directly con- "r*' j i!'};: '» 

verted into a second spindle by the *“•* *" ' 

elongation of its fibres, without pass- ^ 

ing through a typical nuclear con- fig. 28. Portion of tup, 
ditibn. A second polar cell next be- tmtoS 


Fig. 27. Portion OF THE OVUM 
OF Asterias GLACiALis, with the 




ing through a typical nuclear con- rio. 28. roimoN or Tiir. 
ditibn. A second polar cell next be- 

comes formed in the same manner as mation op the second polar 
the6rst (fig. 38), and the portion of “on (^Som Fol™’’"''' 


the spindle remaining in the egg be- 
comes converted into two or three clear vesicles (fig. 29), which 
soon unite to form a single nucleus (fig. 

30). The new nucleus which is clearly 
derived from part of the original germinal 
vesicle is called the female pronucleus, 
for reasons which will appear in the sequel. 

The two polar cells appear to be situ- 

ated between two membranes, the outer 
- 1 . 1 . 1 1- i 1 1 Fig. 29. Portion OF 

of which IS very delicate, and only dis- the ovum of Asterias 

tinct where it covers the polar cells, while glacialis after the for- 
. . . ^ mation of the second 

the inner one is thicker and becomes, polar cell, shewing the 

after impregnation, more distinct, and “"ZTTHrovSS 
then forms what Fol speaks of as the coming converted into 
'4..ST1' V. T4 . • 1 TT J TWO clear vesicles. Pic- 

viteiline membrane. It is clear, as Hert- ric acid preparation 
wig has pointed out, that the polar bodies (copied from Fol). 


Fig. 29. Portion of 
the ovum of Asterias 

GLACIALIS AFTER THE FOR- 
MATION OF THE SECOND 
POLAR CELL, SHEWING THE 
PART OF THE SPINDLE RE- 
MAINING IN THE OVUM HJi;- 
COMING CONVERTED INTO 
TWO clear VESICLES. PIC- 
RIC ACID PREILVRATION 
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originate by a regular process of cell-division and have the value 
of cells. 

A peculiar phenomenon makes its appearance in the eggs of Clepsine 
shortly after the formation of the polar cells, which has been spoken of by 
Whitman (No. 100) as the formation of the polar rings. The following is his 
description of the occurrence. 

“ Fifteen minutes after the elimination of the polar globules (/.r, cells) a 
ring-like depression or constriction appears in the yolk around the oral pole, 
and in this depression a transparent liquid substance (nuclear?) is collected 
forming the first polar ring..., The same phenomena repeat themselves 
later at the aboral pole.... The rings concentrate to form two discs.... Before 
the first cleavage both discs plunge deep into the egg.” 

The nature of these rings is at present quite obscure. 

Considering how few ova have 
been adequately investigated with 
reference to the behaviour of the 
germinal vesicle, any general con- 
clusions which may at present be 
formed are to be regarded as pro- 
visional. 

There is however abundant 
evidence that at the time of matu- 
ration of the egg the germinal 
vesicle undergoes peculiar changes, 
which are, in part at least, of a 
retrogressive character. These cells and the female pronucleus 
changes may begin considerably seen in the living egg (copied from 
before the egg has reached the 

period of maturity, or may not take place till after it has been 
laid. They consist in an appearance of irregularity and obscurity 
in the outline of the germinal vesicle, the absorption of its mem- 
brane, the partial absorption of its contents in the yolk, the dis- 
appearance of the reticulum, and the breaking up and disappear- 
ance of the germinal spot. The exact fate of the single germinal 
spot, or the numerous spots where they are present, is still obscure. 

The retrogressive metamorphosis of the germinal vesicle is 
followed in a large number of instances by the conversion of what 
remains into a striated spindle similar in character to a nucleus 
previous to division. This spindle travels to the surface of the 
ovum and undergoes division to form the polar cell or cells in the. 
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manner above described. The part which remains in the egg 
forms eventually the female pronucleus. 

The germinal vesicle has up to the present time only been 
observed to undergo the above series of changes in a certain 
number of instances, which, however, include examples from 
several divisions of the Ccelenterata, the Echinodermata, and the 
Mollusca, some of the Vermes [Turbellarians {Leptopland), 
Nematodes, Hirudinea, Alciope, Sagitta], Ascidians, etc. It is 
very possible, not to say probable, that such changes are univer- 
sal in the animal kingdom, but the present state of our knowledge 
does not justify us in saying so. 

In the Craniata especially our knowledge of the formation of the polar 
bodies is very unsatisfactory. In Petromyzon Kupffer and Benecke have 
brought forward evidence to shew that one polar body is formed prior to 
the impregnation, and a second in connection with a peculiar prominence 
of protoplasm after impregnation. Part of the germinal vesicle remains in 
the egg as the female pronucleus. In the Sturgeon the germinal vesicle 
atrophies and breaks up before impregnation, and afterwards part is found as a 
granular mass on the surface of the egg, while part forms a female pronucleus. 

In Amphibia the observations of Hertwig (90) and Bambeke (77) tend to 
shew that after the germinal vesicle has assumed a superficial situation at 
the pigmented pole of the ovum its contents become intermingled with the 
yolk, and are in part extruded from the ovum as a granular mass after 
impregnation. Part of them remains in the ovum and forms a female 
pronucleus. Whether there is a proper division of the germinal vesicle 
as in typical cases is not known. 

Oellacher (95) by a series of careful observations upon the egg of the trout, 
and subsequently of the bird, demonsti'ated that in the ovum while still in 
the ovary, the germinal vesicle underwent a kind of degeneration and 
eventually became ejected, in part at any rate. My own observations on 
Elasmobranchs, which require enlargement and confirmation, tend to shew 
that this part may be the membrane. Ed. van Beneden (78) has contributed 
some important observations on the rabbit. His account is as follows. As 
the ovum approaches maturity the germinal vesicle assumes an eccentric 
position, and fuses with the peripheral layer of the egg to constitute the 
cicatricular lens. The germinal spot next travels to the surface of the 
cicatricular lens and forms the nuclear disc: at the same time the membrane 
of the germinal vesicle vanishes, though it probably unites with the nuclear 
disc. The plasma of the nucleus then collects into a definite mass and forms 
the nucleoplasmic body. Finally the nuclear disc assumes an ellipsoidal 
form and becomes the nuclear body. Nothing is now left of the original 
germinal vesicle but the nuclear body and the nucleoplasmic body, both still 
situated within the ovum. In the next stage no trace of the germinal 
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vesicle can. be detected in the ovum, but outside it, close to the point where 
the modified remnants of the vesicle were previously situated, there is 
present a polar body which is composed of two parts, one of which stains 
deeply and resembles the nuclear body, and the other does not stain but is 
similar to the nucleoplasmic body. Van Beneden concludes that the parts of 
the polar body are the two ejected products of the germinal vesicle. We may 
be perhaps permitted to hold that further observations on this difficult object 
will demonstrate that part of the germinal vesicle remains in the ovum to 
form the female pronucleus. 

With reference to invertebrate forms attention may be called to the 
observations of Biitschli (80). Although in Cucullanus a normal formation 
of the polar bodies takes place, yet in the Nematodes generally, Biitschli has 
been unable to find the spindle modification of the germinal vesicle, but 
states that the germinal vesicle undergoes degeneration, its outline becom- 
ing indistinct and the germinal spot vanishing. The position of the 
germinal vesicle continues to be marked by a clear space, which gradually 
approaches the surface of the egg. When it is in contact with the surface 
a small spherical body, the remnant of the germinal vesicle, comes into view, 
and eventually becomes ejected. The clear space subsequently disappears. 

In addition to the types just quoted, which may very pro- 
bably turn out to be normal in the mode of formation of the 
polar bodies, there is a large number of types, including the 
whole of the Rotifera and Arthropoda with a few doubtful 
exceptions ^ in which the polar cells cannot as yet be said to 
have been satisfactorily observed. 

The more important of the doubtful cases amongst the Rotifera and Ar- 
thropoda are the following. 

Flemming (83) finds that in the summer and probably parthenogenetic 
eggs of Lacinularia socialis the germinal vesicle approaches the surface 
and becomes invisible, and that subsequently a slight indentation in the 
outline of the egg marks the point of its disappearance. In the hollow of 
the indentation Flemming believes a polar cell to be situated, though he 
has not definitely seen one. 

Hoek^ believes that he has found a polar body in the ovum of Balanus 
balanoides, but his observations are not perfectly satisfactory. 

^ The best instance of what appeal's like a polar cell in Arthropoda is a body 
recently found by Grobben (“ Entwicklungsgeschiehte d. Moina rectirostris.” Claus’ 
Arbeiten, Vol. ii., Wien, 1879) near the surface of the protoplasm at the animal pole 
of the summer and parthenogenetic eggs of Moina rectirostiis, one of the Cladocera. 
The body stains deeply with carmine, but differs from, normal polar cells in not being 
separated from the ovum ; and its identification as a polar cell must remain doubtful 
till it has been shewn to originate from the germinal vesicle. 

- “Zur Entwicklung d, Entomostraken.” Niederlandischer Archiv. f Zoologie, 
Vol. HI, p. 62, 
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Biitschli, who has expressly searched for the polar bodies in the ova of 
Rotifera, was unable to find any trace of them, though he found that as the 
egg became ripe the germinal vesicle became half its original size. In the 
parthenogenetic eggs of Aphis he also failed to find a trace of polar bodies, 
though the germinal vesicle, after the germinal spot had broken up into 
fragments, approached the surface and disappeared. 

Whatever may be the eventual result of more extended 
investigation, it is clear that the formation of polar cells 
according to the type described above is a very constant 
occurrence. Its importance is increased by the discovery by 
Strasburger of the existence of an analogous process amongst 
plants. Two questions about it obviously present themselves 
for solution : (i) What are the conditions of its occurrence with 
reference to impregnation ( 2 ) What meaning has it in the 
development of the ovum or the embryo 
. The answer to the first of these questions is not difficult to 
find. The formation of the polar bodies is independent of 
impregnation, and is the final act of the normal growth of the 
ovum. In a few types the polar cells are formed while the 
ovum is still in the ovary, as, for instance, in some species of 
Echini, Hydra, etc., but, according to our present knowledge, far 
more usually after the ovum has been laid. In some instances 
the budding-off of the polar cells precedes, and in other instances 
follows impregnation ; but there is no evidence to shew that in 
the latter cases the process is influenced by the contact with the 
male element. In Asterias, as has been shewn by 0. Hertwig 
and Fol, the formation of the polar cells may indifferently either 
precede or follow impregnation— a fact which affords a clear 
demonstration of the independence of the two occurrences. 

To the second of the two questions it does not unfortunately 
seem possible at present to give an answer which can be re- 
garded as satisfactory. 

The retrogressive changes in the membrane of the germinal 
vesicle which usher in the formation of the polar bodies may 
very probably be viewed as a prelude to a renewed activity of 
the contents of the vesicle ; and are perhaps rendered the more 
necessary from the thickness of the membrane which results 
from a protracted period of passive growth. This suggestion 
does not, however, help us to explain the formation of polar 
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bodies by a process identical with cell-division. The ejection of 
part of the germinal vesicle in the formation of the polar cells 
may probably be paralleled by the ejection of part or the whole 
of the original nucleus which, if we may trust the beautiful 
researches of Biitschli, takes place during conjugation in In- 
fusoria as a preliminary to the formation of a fresh nucleus. 
This comparison is due to Biitschli, and according to it the 
formation of the polar bodies would have to be regarded as 
assisting, in some as yet unknown way, the process of regene- 
ration of the germinal vesicle. Views analogous to this are held 
by Strasburger and Hertwig, who .regard the formation of the 
polar bodies in the light of a process of excretion or removal of 
useless material. Such hypotheses do not, unfortunately, carry 
us very far. 

I would suggest that in the formation of the polar cells part 
of the constituents of the germinal vesicle, which are requisite 
for its functions as a complete and independent nucleus, is 
removed, to make room for the supply of the necessary parts to 
it again by the spermatic nucleus. 

My view amounts to the following, viz. that after the forma- 
tion of the polar cells the remainder of the germinal vesicle 
within the ovum (the female pronucleus) is incapable of further 
development without the addition of the nuclear part of the 
male element (spermatozoon), and that if polar cells were not 
formed parthenogenesis might normally occur. A strong sup- 
port for this hypothesis would be afforded were it to be definitely 
established that a polar body is not formed in the Arthropoda 
and Rotifera ; since the normal occurrence of parthenogenesis 
is confined to these two groups. It is certainly a remarkable 
coincidence that they are the only two groups in which polar 
bodies have not so far been satisfactorily observed. 

It is perhaps possible that the part removed in the formation of the 
polar cells is not absolutely essential ; and this seems at first sight to follow 
from the fact of parthenogenesis being possible in instances where impreg- 
nation is the normal occurrence. The genuineness of the observations 
on this head is too long a subject to enter into hereb but after admitting, 

^ Tlie instances qiioted by Siebold, Parthenogenesis d. Arthropodcn, are not quite 
satisfactory. In Hensen’s case, p, 334, impregnation would have been possible if we 
can suppose the spermatozoa to be capable of passing into the body-cavity through the 


78 


FUNCTION OF POLAR CELLS. 


as we probably must, that there are genuine cases of such parthenogenesis, 
it cannot be taken for granted without more extended observation that the 
occurrence of development in these rare instances may not be due to the 
polar cells not having been formed as usual, and that when the polar cells 
are formed the development without impregnation is impossible. 

Selenka found in the case oi Purj>ura lapilhts no polar body was 
formed in the eggs which did not develop, but in the case of Neritina, 
Biitschli has found that this does not hold good. 

The remarkable observations of Greeff (No. 88) on the parthenogenetic 
development of the eggs of Asterias mbens t&W, however, very strongly 
against the above hypothesis. Greeff has found that under normal 
circumstances the eggs of this species of starfish will develop without 
impregnation in simple sea-water. The development is quite regular and 
normal, though much slower than in the case of impregnated eggs. It is 
not definitely stated that polar cells are formed, but there can be no doubt 
that this is implied. Greeff’s account is so precise and circumstantial that 
it is not easy to believe that any error can have crept in ; but neither 
Hertwig nor Fol have been able to repeat his experiments, and we may be 
permitted to wait for further confirmation before absolutely accepting them. 

To the suggestion already made with reference to the function of the 
polar cells, I will venture to add the further one, that the function of 
forming polar cells has been acquired by the ovum for the express purpose of 
preventing parthenogenesis. 

The explanation given by Mr Darwin of the evil effects of self-fertiliza- 
tion, viz. the want of sufficient differentiation in the sexual elements ^ 
would apply with far greater force to cases of parthenogenesis. 

In the production of fresh individuals, two circumstances are obviously 
favourable to the species, (i) That the maximum number possible of fresh 
individuals should be produced, ( 2 ) That the individuals should be as 
vigorous as possible. Sexual differentiation (even in hermaphrodites) 
is clearly very inimical to the production of the maximum number of 
individuals. There can be little doubt that the ovum is potentially capable 
of developing by itself into a fresh individual, and therefore, unless the 
absence of sexual differentiation was very injurious to the vigour of the 
progeny, parthenogenesis would most certainly be a very constant occur- 
rence ; and, on the analogy of the arrangements in plants to prevent self- 
fertilization, we might expect to find some contrivance both in animals and in 

open end of the uninjured oviduct ; and though Oellacher’s instances are more valual:)le 
yet sufficient care seems hardly to have been taken, especially when it is not certain 
for what length of time spermatozoa may be able to live in the oviduct. For Oellacher’s 
precautions, vide zJr//. fur Wtss. Zool., Bd. xxii., p. 202. A better instance is that 
of a sow given by Bischoff, Ann. Sd. Nat., series 3, Vol. ti., 1844. The unimpreg- 
nated eggs were found divided into segments, but the segments did not contain the 
usual nucleus, and were perhaps nothing else than the parts of an ovum in a state of 
disruption. 

^ Darwin, Cross- and Self-Fertilization of Plants,-^, 
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plants to prevent the ovum developing by itself without fertilization. If 
my view about the polar cells is correct, the formation of these bodies 
functions as such a contrivance. 

Reproduction by budding or fission has probably arisen as a means of 
increasing the number of individuals produced, so that the co-existence of 
asexual with sexual reproduction is to be looked on as a kind of compromise 
for the loss of the power of rapid reproduction due to the absence of 
parthenogenesis. In the Arthropoda and Rotifera the place of budding has 
been taken by parthenogenesis, which may be a frequent, though not always 
a necessary occurrence, as in various Branchiopoda {Apis, Limnadia, etc.) 
and Lepidoptera {Psyche helix, etc.); or a regular occurrence for the pro- 
duction of one sex, as in Bees, Wasps, Nematus, etc, ; or an occurrence 
confined to a certain stage in the cycle of development in which all the 
individuals reproduce their kind parthenogenetically, as in Aphis, Ceci- 
domyia, Gall Insects {Neurolerus, etc,), Daphnia^, 

On my hypothesis the possibility of parthenogenesis, or at any rate its 
frequency, in Arthropoda and Rotifera is possibly due to the absence of polar 
cells. In the case of all animals, so far as is known to me, fertilization of 
the ovum occasionally occui’s^, but there are instances in the vegetable king- 
dom where so-called parthenogenesis appears to be capable of recurring for 
an indefinite period. One of the best instances appears to be that of 
Ccelebogyne, an introduced exotic Euphorbiaceous plant which regularly 
produces fertile seeds although a male flower never appears. The recent 
researches of Strasburger have however shewn that in Ccelebogyne and other 
parthenogenetic flowering plants, embryos are formed by the budding and 
subsequent development of cells belonging to the ovule. This being the 
case, it is impossible to assert of these plants that they are really partheno- 
genetic, for the embryos contained in the seed of a flower which has 
certainly not been fertilized, may have been formed, not by the development 
of the ovum, but by budding from the surrounding tissue of the ovule. 

The above view with reference to the nature of the polar bodies is not 
to be regarded as forming more than an hypothesis. 

Impregnation of the Ovum, 

A far greater amount of certainty has been attained as to the 
effects of impregnation than as to the changes of the germinal 
vesicle which precede this, and there appears, moreover, to be a 
greater uniformity in the series of resulting phenomena. 

1 Mr J. A, Osborne has recently shewm {Nature, Sept. 4, 1879), that the eggs of a 
Beetle (Gastrophysa raphani) may occasionally develop, up to a certain point at any 
rate, without the male influence. 

2 Dicyema, which is an apparent exception, has not yet been, certainly shewn to 
develop true ova. If its germs are true ova U forms an exception to the above 
■rule. 
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It will be convenient again to take Asterias glacialis as the 
type. The part of the germinal vesicle which remains in the 
egg, after the formation of the second polar cell, becomes con- 
verted into a number of small vesicles (fig. 29), which aggregate 



Fig. 31. Small portions of the ovum of Asterias glacialis. The Spi^rma- 

TOZOA ARE SHEWN ENVELOPED IN THE MUCILAGINOUS COAT. In A. A PROMI- 
NENCE IS RISING FROM THE SURFACE OF THE EGG TOWARDS THE NEARES'P 
SPERMATOZOON 5 AND IN B. THE SPERMATOZOON AND PROMINENCE HAVE MKT. 
(Copied from Fol.) 


themselves into a single clear nucleus, which gradually travels 
toward the centre of the egg and around 
which, as a centre, the protoplasm becomes 
radiately striated (fig. 30). This nucleus is 
known as the female pronucleus. By 
the action of reagents a nucleolus may be 
shewn in it. In Asterias glacialis the most 
favourable period for fecundation is about an 
hour after the formation of the female pro- 
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nucleus. If at this time the spermatozoa are 
allowed to come in contact with the egg, 
their heads soon become enveloped in the 
investing mucilaginous coat. A prominence, 
pointing towards the nearest spermatozoon, 
now arises from the superficial layer of pro- 
toplasm of the egg, and grows till it comes 
in contact with the spermatozoon (fig. 31, A 
and B). Under normal circumstances the 
spermatozoon which meets the prominence is 
the only one concerned in the fertilization. 


Fig. 32. i'ORTioN 
OF THE OVUM OF AS- 
TERIAS GLACIALIS AF- 
TER THE ENTRANCE 
OF A SPERMATOZOON 
INTO THE OVUM. It 
SHEWS THE PROMI- 
NENCE OF THE OVUM 
THROUGH WHICH THE 
SPERMATOZOON HAS 
ENTERED. A VITEL- 
LINE MEMBRANE WITH 
A CRATER-LIKE OPEN- 
ING HAS BECOME DIS- 
TINCTLY FORMED. 
(Copied from Fol.) 
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and it makes its way into the egg by passing through the promi- 
nence. The tail of the spermatozoon, no longer motile, remains 
visible for some time after the head has bored its way in, but its 
place is soon taken by a pale conical body, which is, however, 
probably in part a product of the metamorphosis of the tail 
itself (fig. 32). It eventually becomes absorbed into the body of 
the ovum. . 

At the moment of contact between the spermatozoon and 
the egg the outermost layer of the protoplasm of the latter 
raises itself as a distinct membrane, which separates from the 
egg and prevents the entrance of other spermatozoa. At the 
point where the spermatozoon entered a crater-like opening is 
left in the membrane, through which the metamorphosed tail of 
the spermatozoon may at first be seen projecting (fig. 32). 

The head of the spermatozoon when in the egg forms a 
nucleus, for which the name male 
pronucleus may be conveniently 
adopted. It grows in size, pro- 
bably by assimilating material 
from the ovum, and around it is 
formed a clear space free from 
yolk-spherules. Shortly after its 
formation the protoplasm in its 
neighbourhood assumes a radiate 
arrangement (fig. 33). At what- 
ever point of the egg the sperma- 
tozoon may have entered, it grad- 
ually travels towards the female 
pronucleus. The latter, around 
which the protoplasm no longer 
has a radiate arrangement, re- 
mains motionless till the rays of 
the male pronucleus come in contact with it, after which its 
condition of repose is exchanged for one of activity, and it 
rapidly approaches the male pronucleus, apparently by means 
of its inherent amoeboid contractions, and eventually fuses with 

it (figs. 34— 36)- 

As the male pronuclcus approaches the female the latter, 
according to Selcnka, sends out protoplasmic processes which 
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Fig. 33. Ovum of A-sterias 

GLACIALIS, with MALE AND FEMALE 
PRONUCLEUS AND A RADIAL STRIA- 
TION OF THE PROTOPLA.SM AROUND 
THE FORMER. (Copied from Fol.) 
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embrace the former. The actual fu-sion does not take place till 


after the pronuclei have been in contact for some time. While 
the two pronuclei are approaching one another the protoplasm 
of the egg exhibits amoeboid movements. 

The product of the fusion of the two pronuclei forms the first 
segmentation nucleus (fig, 37), which soon, however, divides into 
the two nuclei of the two first segmentation spheres. 

The phenomenon which has just been described consists 
essentially in the fusion of the male cell and the female cell. In 
this act the protoplasm of the two cells as well as their nuclei 
coalesce, since the whole spermatozoon which has been absorbed 
into the ovum is a cell of which the head is the nucleus. 

It is clear that the ovum after fertilization is an entirely 
different body to the ovum prior to that act, and unless the use 
of the same term for the two conditions of the ovum had become 
very familiar, a special term, such as oosperm, for the ovum 
after its fusion with the spermatozoon, would be very convenient. 



Figs. 34, 35, and 36. Three successive stages in the coalescence ok the 

MALE AND FEMALE PRONUCLEI IN AsTERIAS GLACIALIS. FrOM THE LIVING 
OVUM. (Copied from Fol.) 

Of the earlier observations on this subject there need perhaps only be 


cited one of E. van Beneden, on the 
rabbit’s ovum, shewing the presence of 
two nuclei before the commencement of 
segmentation. Biitschli was the earliest 
to state from observations on Rhabditis 
dQlichu7-a that the first segmentation 
nucleus arose from the fusion of two 
nuclei, and this was subsequently shewn 
with greater detail for Ascafds nigrove- 
7iosa, by Auerbach (76). Neither of these 
authors gave at the first the correct in- 
terpretation of their results. At a later 
period Biitschli (80) arrived at the con- 
clusion that in a large number of in- 
stances {Lym7tceuSy Nephelis, Cucullanus^ 
See.), the nucleus in question was formed 



Fig. 37. Ovum of Asterias 

GLACIALIS, AFTER THE COALESCENCE 
OF THE MALE AND FEMALE PRONU- 
CLEI. (Copied from Fol.) 
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by the fusion of two or more nuclei, and Strasburger at first made a 
similar statement for Phallusia^ though he has since withdrawn it. Though 
Biitschli’s statements depend, as it seems, upon a false interpretation of 
appearances, he nevertheless arrived at a correct view with reference to 
what occurs in impregnation. Van Beneden (78) described in the rabbit 
the formation of the original segmentation nucleus from two nuclei, one 
peripheral and the other central, and deduced from his observations that 
the peripheral nucleus was derived from the spermatic element. It was 
reserved for Oscar Hertwig (89) to describe in Echinus lividus the en- 
trance of a spermatozoon into the egg and the formation from it of the 
male pronucleus. 

The general fact that impregnation consists in the fusion 
of the spermatozoon and ovum has now been established for 
some forms in the majority of invertebrate groups (Arthropoda 
and Rotifera excepted). Amongst Vertebrata also it has been 
shewn by E. van Beneden that the first segmentation nucleus is 
formed by the coalescence of the male and female pronucleus. 
Calberla, and Kupffer and Benecke have demonstrated that a 
single spermatozoon enters at first the ovum of Petromyzon. 

The contact of the spermatozoon with the egg-membrane causes in Petro- 
myzon active movements of the protoplasm of the ovum, and a retreat 
of the protoplasm from the membrane. 

In Amphibia the appearance of a peculiar pigmented streak 
extending inwards from the surface of the pigmented pole of the 
ovum, and containing in a clear space at its inner extremity a 
nucleus, has been demonstrated as the result of impregnation by 
Bambeke (77) and Hertwig (90). There can be little doubt that 
this nucleus is the male pronucleus, and that the pigmented 
streak indicates its path inwards. Close to it Plertwig has 
shewn that another nucleus is to be found, the female pronucleiis, 
and that eventually the two join together. In Amphibia the 
phenomena accompanying impregnation are clearly of the same 
nature as in the In vertebrata. A precisely similar series of 
phenomena to those in Amphibia has been shewn by Salensky 
to take place in the Sturgeon. 

Although there is a general agreement between the most recent observers, 
Hertwig, Fol, Selenka, Strasburger, &c., as to the main facts connected 
with the entrance of one spermatozoon into the egg, the formation of the 
male pronucleus, and its fusion with the female pronucleus, there still exist 
differences of detail in the different descriptions, which partly, no doubt, 
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depend upon the difficulties of observation, but partly also upon the observa- 
tions not having all been made upon the same species, Hertwig does not 
enter into details with reference to the actual entrance of the s])crmatozoon 
into the egg, but in his latest paper points out that considerable dirierenccs 
may be observed in the occurrences which succeed impregn;ition, according 
to the relative period at which this takes place. When, in Asterias, the 
impregnation is effected about an hour after the egg is laid, and previously 
to the formation of the polar cells, the male pronuclcus appears at iirst to 
exert but little influence on the protoplasm, but after the formation of the 
second polar cell, the radial striae around it become very marked, and the 
pronucleus rapidly grows in size. When it finally unites with the female 
pronucleus it is equal in size to the latter. In the case when the impregna- 
tion is deferred for four hours the male pronucleus never becomes so large 
as the female pronucleus. With reference to the effect of the time at 
which impregnation, takes place, Asterias would seem to serve as a type. 
Thus in Hirudinea, Mollusca, and Ncmatoidea impregnation normally takes 
place before the formation of the polar bodies is completed, and the male 
pronucleus is accordingly as large as the female. In F.chintis, on the other 
hand, where the polar bodies arc formed in the ovary, the male pronucleus 
is always small. 

Selenka, who has investigated the fonnation of the male pronucleus in 
Toxopnetisics variegatus, differs in certain points from Fol, He finds that 
usually, though not always, a single spermatozoon enters the egg, and that 
though the entrance may be effected at any part of the surface it generally 
occurs at the point marked by a small prominence where the polar cells 
are formed. The spermatozoon first makes its way through the mucous 
envelope of the egg, within which it swims about, and then bores with its 
head into the polar prominence. 

One important point has been so far only indirectly alluded 
to, viz. the number of spermatozoa required to effect impregna- 
tion. 

The concurrent testimony of almost all observers tends to 
shew that one only is required for this purpose. But the 
number of cases tested is too small to admit of satisfactory 
generalization. 

Both Hertwig and Fol have made observations on the result 
of the entrance into the egg of several spermatozoa. Fol finds 
that when the impregnation has been too long delayed the 
vitelline membrane is formed with comparative slowness, and 
several spermatozoa are thus enabled to penetrate. Each sper- 
matozoon forms a separate pronucleus with a surrounding .star ; 
and several male pronuclei usually fuse with the female pro- 
nucleus. Each male pronucleus appears to exercise a repulsive 
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influence on other male pronuclei, but to be attracted by the 
female pronucleus. When there are several male pronuclei the 
segmentation is irregular and the resulting larva a monstrosity. 
These statements of Fol and Hertwig are up to a certain point 
in contradiction with the more recent results of Selenka. In 
Toxopueustes variegatus Selenka finds that though impregnation 
is usually effected by a single spermatozoon yet several may be 
concerned in the act. The development continues, however, to 
be normal up to the gastrula stage, at any rate, if three or even 
four spermatozoa enter the egg almost simultaneously. Under 
such circumstances each spermatozoon forms a separate pro- 
nucleus and star, Selenka is of opinion (apparently rather on 
a priori grounds than as a result of direct observation) that 
normal development cannot occur when more than one male 
pronucleus fuses with the female pronucleus; and holds that, 
where he has, observed such normal development after the 
entrance of more than one spermatozoon, the majority of male 
pronuclei become absorbed. 

It may be noticed that, while the observations of Fol and 
jl' Hertwig were admittedly made upon eggs in which the impreg- 

nation was delayed till they no longer displayed their pristine 
activity, Selenka’s were made upon quite fresh eggs ; and it 
seems not impossible that the pathological symptoms in the 
embryos reared by the two former authors may have been due 
to the imperfection of the egg, and not to the entrance of more 
than one spermatozoon. This, of course, is merely a suggestion 
which requires to be tested by fresh observations. 

Kupffer and Benecke have further shewn that although only 
one spermatozoon enters the ovum directly in Petromyzon yet 
other spermatozoa pass through the vitelline membrane, and are 
taken into a peculiar protoplasmic protuberance of the ovum 
which appears after impregnation. 

The act of impregnation may be described as the fusion of 
the ovum and spermatozoon, and the most important feature in 
this act appears to be the fusion of a male and female nucleus; 
not only does this appear in the actual fusion of the two pro- 
^ nuclei, but it is brought into still greater prominence by the fact 

that the female pronucleus is a product of the nucleus of a 
primitive ovum, and the male pronucleus is the metamorphosed 
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headoi the .spermatozoon which, a.s stated above, contains part 
of the nucleus of the primitive spermatic cell. The spermatic 
cells originate from cells indistinguishable from tlie primitive 
ova, so that the fiusion which takes place is the fusion of morpho- 
logically similar parts in the two sexes. 

These conclusions tally very satisfactoril}^ with the view 
adopted in the Introduction, that impregnation amongst the 
Metazoa was derived from the process of conjugation amongst 
the Protozoa. 

Summary. 

In what may probably be regarded as a normal case the 
following series of events accompanies the maturation and im- 
pregnation of an ovum • 

(1) Transportation of the germinal vesicle to the surface of 
the egg. 

(2) Absorption of the membrane of the germinal vesicle 
and metamorphosis of the germinal .spot and nuclear reticulum. 

(3) Assumption of a spindle character by the remains of 
the germinal vesicle, these remains being probably in part 
formed from the germinal spot. 

(4) Entrance of one end of the spindle into a protoplasmic 
prominence at the surface of the egg. 

(5) Division of the spindle into two halves, one remaining 
in the egg, the other in the prominence ; the prominence becom- 
ing at the same time nearly constricted off from the egg as a 
polar cell. 

(6) Formation of a second polar cell in the same manner as 
the first, part of the spindle still remaining in the egg, 

(7) Conversion of the part of the spindle remaining in the 
egg into a nucleus— the female pronucleus. 

(8) Transportation of the female pronucleus towards the 
centre of the egg. 

(9) Entrance of one spermatozoon into the egg. 

(10) Conversion of the head of the spermatozoon into a 
nucleus — the male pronucleus. 

(ri) Appearance of radial striae round the male pronucleus, 
which gradually travels towards the female pronuclcu.s. 
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(12) Fusion of male and female pronuclei to form the first 
segmentation nucleus. 
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CHAPTER III. 


THE SECxMENTATION OF THE OVUM. 

The immediate result of the fusion of the male anti female pro- 
nucleus is the segmentation or division of the ovum usually into 
two, four, eight, etc. successive parts. The segmentation may 
be dealt with from two points of view, viz. (i) the nature of tlie 
vital phenomena which take place in the, ovum during its 
occurrence, which may be described as the internal phenomena 
of segmentation. ( 2 ) The external characters of the segmenta- 
tion. 

Internal Phenomena of Segmentation. 

Numerous descriptions have been given during the last few 
years of the internal phenomena of segmentation. The most 
recent contribution on this head is that of Pol (No. 87). He 
appears to have been more successful than other observers in 
obtaining a complete history of the changes which take place, 
and it will therefore be convenient to take as type the ovum of 
Toxopneiistes {Echinus) lividus, on which he made his most 
complete series of observations. The changes which take place 
may be divided into a series of stages. The ovum immediately 
after the fusion of the male and female pronuclcus contains a 
central segmentation nucleus. 

In the first stage a clear protoplasmic layer derived from the 
plasma of the cell is formed round the nucleus, from which there ^ 

start outwards a number of radial strim, which arc rendered 
conspicuous by the radial arrangement of the yolk-granules 
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between them. The nucleus during this process remains per- 
fectly passive. 

In the second stage the nucleus becomes less distinct and 
somewhat elongated, and around it the protoplasmic layer of 
the earlier stage is arranged in the form of a disc-shaped ring, 
compared by Fol to Saturn’s ring. The protoplasmic rays still 
take their origin from the perinuclear protoplasm. This stage 
has a considerable duration (20 minutes). 

In the third stage the protoplasm around the nucleus 
becomes transported to the two nuclear poles, at each of which 
it forms a clear mass surrounded by a star-shaped figure 
formed by radial striae. The nucleus is hardly visible in the 
fresh condition, but when brought into view by reagents is found 
to contain many highly refractive particles, and to be still 
enveloped in a membrane. 

In the fourth stage the nucleus when treated by reagents has 
assumed the well-known spindle form. The striae of which it is 
composed are continuous from one end of the spindle to the 
other and are thickened at the centre. The central thickenings 
constitute the so-called nuclear plate. The clear protoplasmic 
masses and stars are present as before at the apices of the 
nucleus, and the rays of the latter converge as if they would 
meet at the centre of the clear masses, but stop short at their 
periphery. There is no trace of a membrane round either the 
nuclear spindle or the clear masses ; and in the centre of the 
latter is a collection of granules. The striae of the polar stars 
are very fine but distinct. 

Between the stage with a completely formed spindle and the 
previous one the intermediate steps have not been made out for 
Toxopneustes ; but for Heteropods Fol has been able to demon- 
strate that the striae of the spindle and their central thickenings 
are formed, as in the case of the spindle derived from the 
germinal vesicle , the metamorphosis of the nuclear retictduni. 
They commence to be formed at the two poles, and are then (in 
Heteropods) in immediate contiguity with the striae of the stars. 
The striae gradually grow towards the centre of the nucleus and 
there meet. 

In the fifth stage the central thickenings of the spindle 
separate into two sets, which travel symmetrically outwards 
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towards the clear masses, growing in size during the process. 
They remain however united for a short time by delicate 
filaments — named by Fol connective filaments — which very soon 
disappear. The clear mas.ses also increase in size. During this 
stage the protoplasm of the ovum exhibits active amcelxud 
movements preparatory to division. 

In the sixth stage, which commences when the central 
thickenings of the spindle have reached the clear polar masses, 
the division of the ovum into two parts is effected by an 
equatorial constriction at right angles to the long axis of the 
nucleus. The inner vitelline membrane follows the furrow for a 
certain distance, but does not divide with the ovum. All con- 
nection between the two parts of the spindle becomes lost during 
this stage, and the thickenings of the fibres of the .spindle give 
rise to a number of spherical vesicular bodies, which pass into 
the clear masses and become intermingled with the granules 
which are placed there. The radii of the stars now extend 
round the whole circumference of each of the clear masses. 

In the seventh stage the two clear masses become elongated 
and travel towards the outer sides of their .segments ; while the 
radii connected with them become somewhat bent, as if a 
certain amount of traction had been exercised on them in the 
movement of the clear masses. Shortly afterwards the .spherical 
vesicles, each of which appears like a small nucleus and contains 
a central nucleolus, begin to unite amongst themselves, and to 
coalesce with the neighbouring granules. Those in each seg- 
ment finally unite to form a nucleus which absorbs the substance 
of the clear mass. The netv imcleiis is therefore partly derived 
from the division of the old one and partly from the plasma of the 
cell. The two segments formed by division arc at first spherical, 
but soon become flattened against each other. In each subse- 
quent division of these cells the whole of the above changes are 
repeated. 

The phenomena which have just been described would 
appear to occur in the segmentation of ova with remarkable 
constancy and without any very considerable variations. 

The division of the ovum constitutes a special case of cell division, and it 
is important to determine to what extent the phenomena of ordinary cell 
division are related to those which take place in the division of the ovum. 
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VVuhouL attejiipting a full discussion of the subject I will confine myself to 
a few remarks suggested by the observations of Flemming, Peremeschko and 
Klein. The observations of these authors shew that in the course of the 
division of nuclei in the salamander, newt, etc. the nuclear i-eticulum under- 
goes a series of peculiar changes of form, and after the membrane of the 
nucleus has vanished divides into two masses. The masses form the basis 
for the new nuclei, and become reconverted into an ordinary nuclear reticu- 
lum after repeating, in the reverse order, the changes of form undergone 
by the reticulum previous to its division. 

It is clear without further explanation that the conversion of the 
nuclear reticulum of the segmentation nucleus into the striae of the spindle 
is a special case of the same phenomenon asthatjfirst described by Flemming 
in the salamander. There are however some considerable differences. In 
the first place the fibres in the salamander do not, according to Flemming, 
unite in the middle line, though they appear to do so in the newt. This clearly 
cannot be regarded as a fact of great importance ; nor can the existence of 
the central thickenings of the striae (nuclear plate), constant as it is for the 
division of the nucleus of the ovum, be considered as constituting a funda- 
mental difference between the two cases. More important is the fact that 
the strite in the case of the ovum do not appear, at any rate have not been 
shewn, to form themselves again into a nuclear network. 

With reference to the last point it is however to be borne in mind (i) that 
the gradual travelling outwards of the two halves of the nuclear plate is 
up to a certain point a repetition, in the reverse order, of the mode of 
formation of the strife of the spindle, since the striae first appeared at the 
poles and gradually grew towards the middle of the spindle : ( 2 ) that there 
is still considerable doubt as to how the vesicular bodies formed out of the 
nuclear plate reconstitute themselves into a nucleus. 

The layer of clear protoplasm around the nucleus during its division has 
its homologue in the case of the division of the nuclei of the salamander, 
and the rays starting from this are also found. Klein has suggested that the 
extra-nuclear rays of the stars around the poles of the nucleus are derived 
from a metamorphosis of the extra-nuclear reticulum, which he believes 
to be continuous with the intra-nuclear reticulum. 

The delicate connective filaments usually visible between the two halves 
of the nuclear plate would seem from Strasburger’s latest observations 
(No. 104) to be derived from the nuclear substance between the strife of the 
spindle, and to become eventually reabsorbed into the newly-formed nuclei. 

We are it appears to me still in complete ignorance as to the 
physical causes of segmentation. The view that the nucleus is 
a single centre of attraction, and that by its division the centre of 
attraction becomes double and thereby causes division, appears to 
be quite untenable. The description already given of the pheno- 
mena of segmentation is in itself sufficient to refute this view. 
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Nor is it in the least proved by the fact (shewn by Mallez) that 
the plane of division of the cell always bears a definite relation 
to the direction of the axis of the nucleus. 

The arguments by which Klcinenberg (9;l) attempted to de- 
monstrate that cell division was a phenomenon caused by altera- 
tions in the molecular cohesion of the protoplasm of the ovum 
still in my opinion hold good, but recent discoveries as to the 
changes which take place in the nucleus during division probably 
indicate that the molecular changes which take place in the co- 
hesion of the protoplasm are closely related to, and possibly 
caused by, those in the nucleus. These alterations of cohesion 
are produced by a series of molecular changes, the external indi- 
cations of which are to be found in the visible alterations in the 
constitution of the body of the cell and of the nucleus prior to 
division. 
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External Features of Segmentation. 


In the simplest known type of segmentation the ovum first 



Fig. 38. Various stages in process of segmentation. (After Gegenbaur.) 

of all divides into two, then four, eight, sixteen, thirty-two, sixty- 
four, etc. cells (fig. 38). These cells so long as they are fairlylarge 
are usually known as segments or spheres. At the close of such 
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a simple segmentation the ovum becomes converted into a sphere 
composed of segments of a uniform size. These segments usu- 
ally form a wall (fig. 39, E), one row of cells thick, round a central 
cavity, which is known as the segmentation cavity or cavity 
of Von Baer, Such a sphere is known as a blastosphere. The 
central cavity usually appears very early in the segmentation, in 
many cases when only four segments are present (fig. 39, B). 

In other instances, which however are rarer than those in 
which a segmentation cavity is present, there is no trace of a 
central cavity, and the sphere at the close of segmentation is 
quite solid. In^uch instances the solid sphere is known as a 
m or pi a. It is found in some Sponges, many Coelenterata, some 
Nemertines, etc., and in Mammals ; in which group the segmen- 
tation is not however quite regular. All intermediate conditions 
between a large.segmentation cavity, and a very minute central 
cavity which may be surrounded by more than a . single row of 
cells have been described. 

The segmentation cavity has occasionally, as in Sycandra, the Cteno- 
phora and Amphioxus, the form of an axial perforation of the ovum open at 
both extremities. 



Fio. 39. The Segmentation of Amphioxus.. (Copied from Kowalevsky.) 


sg-. segmentation cavity. A. Stage with two equal segments. B. Stage with four 
equal segments. C. Stage after the four .segments have become divided by an 
equatorial furrow into eight equal . segments. D. Stage in which a single layer of 
ceils encloses a central segmentation cavity, E. Somewhat older stage in optical 
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When the process of regular segmentation is exainined some- 
what more in detail it is found to follow as a rule a rather (UTinitc; 
rhythm. The ovum is first divided in a plane which may be 
called vertical, into two equal parts (fig. 39, A). This division is 
followed by a second, also in a vertical plane, but at right angles 
to the first plane, and by it each of the previous segments is 
halved (fig. 39, B.) In the third .segmentation the plane of divi- 
sion is horizontal or equatorial and divides each of the four seg- 
ments into two halves, making eight segments in all (fig. 39, C). 
In the fourth period the segmentation takes place in two vertical 
planes each at an angle of 45° with one of the previous vertical 
planes. All the segments are thus again divided into two equal 
parts. In the fifth period there are two equatorial planes one on 
each side of the original equatorial plane, and thirty-two spheres 
are present at the close of this period. Sixty-four segments arc 
formed at the sixth period, but beyond the fourth and fiftli periods 
the original regularity is not usually preserved. 

In many instances tlie type of segmentation just described cannot be 
distinctly recognized, All that can be noticed is that at each fresh 
segmentation every segment becomes divided into two equal parts. It is 
not absolutely certain that there is not always some slight inequality in 
the segments formed, by which, what are known as the animal and vegetative 
poles of the ovum, can very early be distinguished. A regular segmen- 
tation is found in species in most groups of the animal kingdom. It is 
very common in Sponges and Coelentcrates. Though less common so 
far as is known amongst the Vermes, it is yet found in many of 
the lower types, viz. Nematoidea, Gordiacea, Trematoda, Nemerlea 
(apparently as a rule), Sagitia, Chcstonotits^ some Gephyrea {Phoronis } ; 
though not usual it occurs amongst Chaetopoda, e.g. Serpnla. It is the 
usual type of segmentation amongst the Echinodermata. Amongst the 
Crustacea it appears (for the earlier phases of segmentation at any rate) 
not infrequently amongst the lower forms, and even occurs amongst the 
Amphipoda {Phronima). It is however very rare amongst the Tracheata, 
Poditra affording the one example of it known to me. It Is almost as rave 
amongst Mollusca as amongst the Tracheata, but occurs in Chito?i and is 
nearly approached in some Nudibranchiata, In Vertebrata it is most nearly 
approached in 

Most of the cgg.s which have a perfectly regular segmentation 
are of a very insignificant size and rarely contain much food- 

1 In the Rabbit and probably other Monodelphoiis Mammalia the segmeiilalion is 
nearly though not quite regular. 
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yolk : in the vast majority of eggs there is present however a con- 
siderable bulk of food material usually in the form of highly re- 
fracting yolk-spherules. These yolk-spherules lie embedded in 
the protoplasm of the ovum, but are in most instances not distri- 
buted uniformly, being less closely packed and smaller at one pole 
of the ovum than elsewhere. Where the yolk-spherules are few- 
est the active protoplasm is necessarily most concentrated, and 
we can lay down as a general law^ that the velocity of segmen- 
tation in any part of the ovum is roughly speaking proportional 
to the concentration of the protoplasm there ; and that the size 
of the segments is inversely proportional to the concentration of 
the protoplasm. Thus the segments produced from that part of 
an egg where the yolk-spherules are most bulky, and where 
therefore the protoplasm is least concentrated, are larger than 
the remaining segments, and their formation proceeds more 
slowly. 

Though where much food-yolk is present it is generally dis- 
tributed unequally, yet there are many cases in which it is not 
possible to notice this very distinctly. In most of these cases the 
segmentation is all the same unequal, and it is probable that they 
form apparent rather than real exceptions to the law laid down 
above. Although before segmentation the protoplasm may be 
uniformly distributed, yet in many instances, e.g. Mollusca, Vermes, 
etc., during or at the commencement of segmentation the proto- 
plasm becomes aggregated at one pole, and one of the segments 
formed consists of clear protoplasm, all the food-yolk being con- 
tained in the other and larger segment. 

Unequal Segmentation. The type of segmentation I now 
proceed to describe has been called by Haeckel (No. 105) ‘un- 
equal segmentation’, a term which may conveniently be 
adopted. I commence by describing it as it occurs in the well- 
known and typical instance of the Frogl 

The ripe ovum of the common Frog and of most other tailless 
Amphibians presents the following structure. One half appears 
black and the other white. The former I shall call the upper 

^ U/VA’ F. M. Balfour, “ Comparison of the early stages of development in Verte- 
Imates.” Quart, your, of Micr. Science, ^vXyy 

Vide Remak, EntuiicMung d. Wb-belihiere; and Gdtte, Entioickhmg d. Unke, 
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pole, the latter the lower. The ovum is composed of protopla.sm 
containing in suspension numerous yolk-spherules. The largest 



Fig. 40. Segmentation of Common Frog. Rana Temporaria, (Copied 
from Ecker.) 

The numbers above the figures refer to the number of segments at the stage figured. 


of these are situated at the lower pole, the smaller ones at the 
upper pole, and the smallest of all in the peripheral layer of the 
upper pole, in which also pigment is scattered and causes the 
black colour visible from the surface. 

The first formed furrow is a vertical furrow. It commences 
in the upper half of the ovum, through which it extends rapidly, 
and then more slowly through the lower. As .soon as the first 
furrow has extended through the egg, and the two halves have 


become separated from each 
appears at right angles to the 
fii'st and behaves in the same 
way (fig. 40, 4); 

The next furrow is equa- 
torial or horizontal (fig. 40, 8). 
It does not arise at the true 
equator of the egg, but much 
nearer to its upper pole. It 
extends rapidly round the egg 
and divides each of the fourpre- 
vious segments into two parts, 
one larger and one smaller. 
Thus at the end of this stage 
there are present four small 
and four large segments. At 
the meeting point of these a 


other, a second vertical furrow 



Fig. 41. Section through Frog’s 

OVUM AT THE CLO.SE OF SEGMENTATION. 
sg. segmentation cavity, ll. large yolk-con- 
taining cells, ep. small cells at formative 
pole (epiblast). 
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small cavity appears, which is the segmentation cavity, already 
described for uniformly segmenting eggs. It increases in size in 
subsequent stages, its roof being formed of the smaller cells and 
its floor of the larger. The appearance of the equatorial furrow 
is followed by a period of repose, after which two rapidly suc- 
ceeding vertical furrows are formed in the upper pole, dividing 
each of the four segments of which this is composed into two. 
After a short period these furrows extend to the lower pole, 
and when completed i6 segments are present — eight larger and 
eight smaller (fig. 40, 16 ). A pause now ensues, after which the 
eight upper segments become divided by an equatorial furrow, 
and somewhat later a similar furrow divides the eight lower seg- 
ments. At the end of this stage there are therefore present 16 
smaller and 16 larger segments (fig. 40, 32 ). After 64 segments 
have been formed by vertical furrows which arise symmetrically 
in the two poles (fig. 40, 64 ), two equatorial furrows appear in the 
upper pole before a fresh furrow arises in the lower ; so that there 
are 1-28 segments in the upper half, and only 32 in the lower. 
The regularity is quite lost in subsequent stages, but the upper 
pole continues to undergo a more rapid segmentation than the 
lower. While the segments have been increasing in number the 
segmentation cavity has been rapidly growing in size ; and at the 
close of segmentation the egg forms a sphere, . containing an 
excentric cavity, and composed of two unequal parts (fig. 41). 
The upper part, which forms the roof of the segmentation cavity, 
is formed of smaller cells : the lower of larger yolk-containing 
cells. 

The mode of segmentation of the Frog’s ovum is typical for 
unequally segmenting ova, and it deserves to be noticed that as 
regards the first three or more furrows the segmentation occurs 
with the same rhythm in the unequally segmenting ova as in those 
which have an uniform segmentation. There appear two verti- 
cal furrows followed by an equatorial furrow. The general laws 
which were stated with reference to the velocity of segmentation 
and the size of the resulting segments are well exemplified in the 
case of the Frog’s ovum. 

The majority of the smaller segments in the segmented Frog’s 
dvum are destined to form into the epiblast, and the larger seg- 
ments become hypoblast and mesoblast. 

B. II. 
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With a few exceptions (the Rabbit, Lymnteus, etc.) the majority of the 
smaller segments always become epiblast and of the larger segments hypo- 
blast. 

The Frog’s ovum serves as a good medium type for unequally 
segmenting ova. There are many cases however in which a 
regular segmentation is far more closely approached, and others 
in which it is less so. 

One familiar instance in which a regular segmentation is 
nearly approached is afforded by the Rabbit’s ovum, which has 
indeed usually been regarded as offering an example of a regular 
segmentation. 

The ovum of the Rabbit^ becomes first divided into two sub- 
equal spheres. The larger and more transparent of the two may, 
from its eventual fate, be called the epiblastic sphere, and the 
other the hypoblastic. The twm spheres are divided into four, 
and then by ari equatorial furrow into eight — four epiblastic and 
four hypoblastic. One of the latter assumes a central position. 
The four epiblastic spheres now divide before the four hypoblastic. 
There is thus introduced a stage with twelve sphei'es. It is 
followed by one with sixteen, and that by one with twenty-four. 
During the stages with sixteen spheres and onwards the epiblastic 
spheres gradually envelop the hypoblastic, which remain exposed 
on the surface at one point only. There is no segmentation 
cavity. 

In Pedicellina, one of the entoproctous Polyzoa, there is a sub- 
regular segmentation, where however the two primary spheres 
can be distinguished much in the same way as in the case of the 
Rabbit. 

A very characteristic type of unequal segmentation is that 
presented by the majority of Gasteropoda and Pteropods and 
probably also of some Lamellibranchiata. It is also found in 
some Turbellarians, in Bonellia, some Annelids, etc. In many 
instances it offers a good example of the type where in the course 
of segmentation the protoplasm becomes aggregated at one pole 
of the ovum, or of its segments, to become separated off as a clear 
sphere. 

The first four segments formed by two vertical furrows at 

^ Van Beneden, “ Developpement embryonnaire des Mammiferes.” Biill de 
I' Acad. Belgique, 1874. 
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right angles are equal, but from these there are budded off four 
^ smaller segments, which in subsequent stages divide rapidly, 

receiving however, a continual accession of segments budded off 
from the larger spheres. The four larger spheres remain conspi- 
cuous till near the close of the segmentation- The process of 
budding, by which the smaller spheres become separated from 
the larger, consists in a larger sphere throwing out a prominence, 
which then becomes constricted off from it. 

In the extreme forms of this unequal segmentation we find 
at the end of the second cleavage two larger spheres filled with 
yolk material and two smaller clear spheres; and in the later 
stages, though the large spheres continue to bud off small 
spheres, only the two smaller ones undergo a regular segmenta- 
tion, and eventually completely envelop the former. Such a 
case as this has been described in Aplysia by Lankesterf 

The types I have described serve to exemplify unequal seg- 
mentation. The Rabbit’s ovum stands at one end of the series, 
that of Aplysia at the other ; and the Frog’s ovum between the 
two. 

In Great variations are presented by the ova with unequal seg- 

mentation as to the presence of a segmentation cavity. In some 
instances, the Frog, such a cavity is well developed. In 
other cases it is small, most Mollusca, while not unfrequently 
it is altogether absent. 

Before leaving this important type of segmentation, it will be well to 
enter with slightly greater detail into some of the more typical as well as 
some of the special forms which it presents. 

As an example of the typical Molluscan type the normal Heteropod 
segmentation, accurately described by FoF, may be selected. 

The ovum divides into two and then four equal segments in the usual 
vertical planes. Each segment has a protoplasmic and a vitelline pole. 
The protoplasmic pole is turned towards the polar bodies. In the third 
segmentation, which takes place along an equatorial plane, four small 
protoplasmic cells or segments are segmented or rather budded off from the 
four large segments, so that there are four small segments in one plane and 
four large below these. In the fourth segmentation the four large segments 
alone are active and give rise to four small and four large cells j so that there 
are formed in all eight small and four large cells. The four small cells of the 

^ Phil. Trans. 1875. 

Archives de Zaologie Ex-perijnmtak, Nol. IV. 
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third generation next divide, forming in all twelve small cells and four large. 
The small cells of the fourth generation then divide, and subsequently the 
four large cells give rise to four new small ones, so that there are twenty 
small cells and four large. The small cells form a cap embracing the upper 
pole of the large segments. It may be noted that from the third stage 
onwards the cells increase in arithmetical progression — a characteristic 
feature of the typical gasteropod segmentation. 

In the later stages of segmentation the large cells cease to give rise 
to smaller ones in the same manner as before. One of them divides 
first into two unequal parts, of which the smaller becomes pushed in to- 
wards the centre of the egg. The larger cell then divides again into two, 
and the three cells so formed occupy the centre of a shallow depression. 
The remaining larger cells divide in the same way, and give rise to smaller 
cells which line a pit which becomes formed on one side of the ovum. 
The original smaller cells continue in the meantime to divide and so form 
a layer enclosing the larger, leaving exposed however the opening of the 
pit lined by the latest products of the larger cells. 



Fig. 42. Segmentation of Anodon piscinalis. (Copied from Flemming.) 
n polar cells. vitelline sphere, i. Commencing division into two segment-s ; 
one mainly formed of protoplasm, the other of yolk, 2. Stage with four segments. 
3. Formation of hlastosphere, and segmentation cavity. 4. Definite segmentation 
of the yolk sphere. 

The eggs of Anodon and Unio serve as excellent examples of the type 
in which the ovum has a uniform structure before the commencement of 
segmentation, but in which a separation into a protoplasmic and a nutritive 
portion becomes obvious during segmentation. 

In Anodon’- the egg is at first uniformly granular, but after impregnation 
it throws out on one side a protuberance nearly free from granules (fig. 

42,1).; ■■■■ ■ 

In the case of this clear protuberance and of the similar protuberances 
which follow it, the protoplasm is not at first quite free from food-yolk, 
but only becomes so on being separated from the yolk-containing part of the 
ovum. We must therefore suppose that the production of the clear 
segments is in part at least due to the yolk spherules becoming used up to 
form protoplasm. Such a formation of protoplasm from yolk spherules has 
been clearly shewn to occur in other types by Bobretzky and Fol. 

’ Flemming, “Entwick. der Najaden,” AzVa, o', Wiss. Wiett, Bd. 4, J875. 
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The protuberance soon becomes separated off from the larger part of 
the egg as a small segment composed of clear protoplasm. From the larger 
segment filled with food-yolk, a second small clear segment is next budded 
off, and simultaneously (fig. 42, 3) the original small segment divides into 
two. Thus there are formed four segments, one large and. three small ; the 
lai'ge segment as before being filled with food- yolk. The continuation 
of a similar process of budding off and segmentation eventually results 
in the formation of a considerable number of small and of one large 
segment (fig. 42, 3). Between this large and the small segments is a seg- 
mentation cavity. 

Eventually the large yolk segment, which has hitherto merely budded 
off a series of small segments free from yolk, itself divides into two similar 
parts. This process is then repeated (fig. 42, 4) and there is at last formed 
a number of yolk segments filled with yolk spheres, which occupy the 
place of the original large yolk segment. Between these yolk segments 
and the small segments is placed the segmentation cavity. 

The segmentation of the ovum of Euaxes’- resembles that of Unio in the 
budding off of clear segments from those filled with yolk, but presents 
many interesting individualities. 

A very peculiar modification of the ordinary Gasteropod segmentation is 
that described by Bobretzky for Nassa inutabilis^. 



Fig. 43. Segmentation oi' Nassa mutabilis (From Bobretzky). A. Upper half 
divided into two segments. B. One of these has fused with the large lower seg- 
ment. C. Four small and one large segment, one of the former fusing with the 
large segment. D. Each of the four segments has given rise to a small segment. 
E. Small segments have increased to thirty-six. 

^ Kowa.levsky, Mem. A/cad. Scries Vli. 1871. 

" ArcMv. f. mikr. Anat.Yoi. .xiri. 1877. 
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The ovum contains a large amount of food-yolk, and the protoplasm is 
aggregated at the formative pole, adjoining which are placed the polar 
bodies. An equatorial and a vertical furrow (fig. 43 A), the former near 
the upper pole, appear simultaneously, and divide the ovum into three 
segments, two small, each with a protoplasmic pole, and one lai'gc en- 
tirely formed of yolk material. One of the two small segments next com- 
pletely fuses with the large segment (fig. 43 B), and after the fusion is com- 
plete, a triple segmentation of the large segment takes place as at the first 
division, and at the same time the single small segment divides into two. In 
this way four partially protoplasmic segments and one yolk segment are 
formed (fig. 43 C). One of the small segments again fuses with the large 
segment, so that the number of segments becomes again reduced to four, 
three small and one large. The protoplasmic ends of these segments are turned 
towards each other, and where they meet four very small cells become budded 
off, one from each segment (fig. 43 D). Four small cells are again budded 
off twice in succession, while the original small cells remain passive, so that 
there come to be twelve small and four large cells. In later stages the four 
first-formed small cells give rise to still smaller cells and then the next- 
formed do the same. The large cells continue also to give rise to small 
ones, and finally, by a continuous process of division, and fresh budding of 
small cells from large cells, a cap of small cells becomes formed covering 
the four large cells which have in the meantime pressed themselves together 
(fig. 43 E), A segmentation cavity of not inconsiderable dimensions be- 
comes established between this cap of small cells and the large cells. 

Many eggs, such as those of the Myriapods^, present an irregular seg- 
mentation ; but the segmentation is hardly unequal in the sense in which I 
have been using the term. Such cases should perhaps be placed in the first 
rather than in the pi'esent category. 

The type of unequal segmentation is on the whole the most widely 
distributed in the animal kingdom. There is hardly a group without ex- 
amples of it. 

It occurrs in Porifera, Hydrozoa, Actinozoa and Ctenophora. Amongst 
the Ctenophora this segmentation is of the most typical kind. Four equal 
segments are first formed in the two first periods. In the third period a 
circumferential furrow separates four smaller from four larger segments. 

This type is also widely distributed amongst the unsegmented (Gephyrea, 
Turbellaria), as well as the segmented Vermes, and is typical for the 
Rotifera. It appears to be very rare in Echinoderms {Echinaster Sarsii). 
It is not uncommon in early stages of the segmentation of the lower 
Crastacea, 

For Mollusca (except Cephalopoda) it is typical. Amongst the Ascidia 
it occurs in several forms {Salpa^ Molgiild) and amongst the Craniata it 
is typical in the Cyclostomata, Amphibia, and some Ganoids, e.g. Acci- 
■■ penser. 


Metschnikoff, Zeitschrift f. wiss. Zoologie, 1874. 
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Partial seg-mentation. The next type of segmentation we 
have to deal with has long been recognized as partial segmenta- 
tion. It is a type in which only part of the ovum, called the 
germinal disc, undergoes segmentation, the remainder usually 
forming an appendage of the embryo known as the yolk-sack. 
Ova belonging to the two groups already dealt with are fre- 
quently classed together as holoblastic ova, in opposition to ova 
of the present group in which the segmentation is only partial, 
and which are therefore called meroblastic. For embiyological 
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Fig. 44. Surface views of the early stages of the segmentation in a 
fowl’s egg. (After Coste.) 

a. edge of germinal disc. b. vertical furrow, c. small central segment, d. larger 
peripheral segment. 

purposes this is in many ways a very convenient classification, 
but ova belonging to the present group are in reality separated 
by no sharp line from those belonging to the group just 
described. 

The origin and nature of meroblastic ova will best be under- 
stood by taking an ovum with an unequal segmentation, such as 
that of the frog, and considering what would take place in 
accordance with the laws already laid down, supposing the 
amount of food-yolk at the vitelline pole to be enormously 
increased. What would happen may be conveniently illustrated 
b}^ fig. 44, representing the segmentation of a fowl’s egg. There 
would first obviously appear a vertical furrow at the formative 
or protoplasmic pole. (Fig. 44 A, This would gradually 
advance round the ovum and commence to divide it into two 
halves. Before the furrow had however proceeded very far it 
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would come to the vitelline part of the ovum ; here, according 
to the law previously enunciated, it would travel very slowly, 
and if the amount of the food-yolk was practically infinite as 
compared with the protoplasm, it would absolutely cease to 
advance. A second vertical furrow would soon be formed, 
crossing the first at right angles, and like it not advancing 
beyond the edge of the germinal disc. (Fig. 44 B.) 

The next furrow should be an equatorial one (as a matter of 
fact in the fowl’s ovum an equatorial furrow is not formed till 
after two more vertical furrows have appeared). The equatorial 
furrow would however, in accordance with the analogy of the 
frog, not be formed at the equator, but iwjy close to the fo 7 'inatwe 
pole. It would therefore separate off as a distinct segment (fig. 
44 C, d), a small central, i.e. polar, portion of each of the imper- 
fect segments formed 
by the previous verti- 
cal furrows. By a 
continuation of the 
process of segmenta- 
tion, with the same 
alternation of vertical 
and equatorial furrows 
as in the frog, a cap or 
disc of small segments 
would obviously be 
formed at the proto- 
plasmic pole of the 
ovum, outside which 
would be a number of 
deep radiating grooves 
(fig. 45 ), formed by 
the vertical furrows, 
the advance of which 
round the ovum has come to an end owing to the too great pro- 
portion of yolk spheres at the vitelline pole. 

It is clear from the above that an immense accumulation of 
food-yolk at the vitelline pole necessarily causes a partial seg- 
mentation. It is equally clear that the part of meroblastic ova 
which does not undergo segmentation is not a new addition 



Fig. 45. Surface view of the germinal disc 
OF fowl’s egg during a late stage of the seg- 
mentation. 

c. small central segmentation spheres ; b. larger 
segments outside these ; a, largej imperfectly cir- 
cumscribed, marginal segments 5 e. margin of ger- 
minal disc. 
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absent in other cases. It is on the contrary to be regarded 
merely as a part of the ovum in which the yolk spherules have 
attained to a very great bulk as compared with the protoplasm ; 
sometimes even to the complete exclusion of the protoplasm. 

An ordinary meroblastic ovum consists then of a small disc 
at the formative pole, known as the germinal disc, composed 
mainly of protoplasm in which comparatively little food-yolk is 
present This graduates into the remainder of the ovum, being 
separated from it by a more or less sharp line. This remainder 
of the ovum, which almost always forms the major part, usually 
consists of numerous yolk spherules, embedded in a very scanty 
protoplasmic matrix. 

In some cases, e,g. the eggs of Elasmobranchii^, the protoplasm is pre- 
sent in the form of a delicate network; in other and perhaps the majority of 
cases, too little protoplasm is present to he detected, or the protoplasm may 
even be completely absent. In some Osseous Fishes, e.g. Lota, the yolk 
forms a homogeneous transparent albuminoid substance containing a large 
globule at the pole furthest removed from the germinal disc. In this case 
the germinal disc is sharply separated from the yolk. In other Osseous 
Fishes the separation between the two parts is not so sharps In these 
cases we find adjoining the germinal disc a finely granular material con- 
taining a large proportion of protoplasm ; this graduates into a material with 
very little protoplasm and numerous yolk spherules, which is in its turn 
continuous with an homogeneous albuminoid yolk substance. In Elasmo- 
branchii we find that immediately beneath the germinal disc there is present 
a finely granular matter, rich in protoplasm, which is continuous with the 
normal yolk. 

The Elasmobranch ovum may conveniently serve as type for the Verte- 
brata. The ovum is formed of a spherical vitellus without any investing 
membrane. The germinal disc is recognizable on this as a small yellow spot 
about millimetres in diameter. In the germinal disc a furrow appears 
bisecting the disc, followed by a second furrow at right angles to the first. 
Thus after the formation of the second furrow the disc is divided into four 
equal areas. Fresh furrows continue to rise, and eventually a circular 
furrow, equivalent to the equatorial furrow of the frog’s ovum, makes its 
appearance, and separates off a number of smaller central segments from 
peripheral larger segments. In the later stages the smaller segments at first 
divide more rapidly than the larger, but eventually the latter also divide 
rapidly, and the germinal disc becomes finally formed of a series of segments 

1 Vide Schultze, ArcMv.f. mikr. Anat. Vol. xi. ; and F. M. Balfour, Monograph 
on the Development of Elasmobranch Fishes. 

- Vide Klein, Quart. Journal of Micr. Science, April, 1876. Bambeke, Mem, 
Cour. Acad. Belgique, 1875. His, Zeit. fur Anat. u. EntivicMung. Vol. i. 
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of a fairly uniform size. So much may be observed in surface views of the 
segmenting ovum, and it may be noted that there is not much difference to 
be observed between the segmentation of the germinal disc of the Fowl’s 
ovum and that of the Elasmobranchii. Indeed the figure of the former (fig. 
44) would serve fairly well for the latter. When however we examine 
the segmenting germinal discs by means of sections, there are some dif- 
ferences between the two types, and several interesting features which 
deserve to be noticed in the segmentation of the Elasmobranchii, In the 
first stages the furrows ' visible on the surface are merely furrows, which 
do not meet so as to isolate distinct segments ; they merely, in fact, form a 
surface pattern. It is not till after the appearance of the equatorial furrow 
that the segments begin to be distinctly isolated. In the subsequent stages 
not only do the segments already existing in the germinal disc increase by 
division, but fresh segments are continually being formed from the adjacent 
yolk, and added to those already present in the germinal disc. (Fig. 46.) 



Fig. 46. Section through germinal disc of a Pristiurus embryo during 

THE SEGMENTATION. 

nucleus; «x. nucleus modified prior to division; modified nucleus of the 
yolk ; f. furrow appearing in the yolk adjacent to the germinal disc. 

This fact is one out of many which prove that the germinal disc is merely 
part of the ovum characterized by the presence of more protoplasm than the 
remainder which forms the so-called food-yolk. During the latest stages of 
segmentation there appear in the yolk around the blastoderm a number of 
nuclei. (Fig. 46, These are connected with a special protoplasmic 

network (already described) which penetrates through the yolk. Towards 
the end of segmentation, and during the early periods of development which 
succeed the segmentation, these nuclei become very numerous. (Fig. 47 
A, «'.) Around many of them a protoplasmic investment is established, and 
cells are thus formed which eventually enter the blastoderm. 

The result of segmentation is the formation of a lens-shaped mass of 
cells lying in a depression on the yolk. In this a cavity appears, the 
homologue of the segmentation cavity already spoken of. It lies at first in 
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the midst of the cells of the blastoderm, but very soon its floor of cells 
vanishes, and it lies between the yolk and the blastoderm. (Fig. 47 A.) Its 
subsequent history is given in a future Chapter. 

Segmentation proceeds in Osseous Fishes in nearly the same manner as 
in Elasmobranchii. In some cases the germinal disc is small as compared 
with the yolk, in other cases it is almost as large as the yolk. The only 
points which deserve special notice are the following : (i) Nuclei, precisely 
similar to those in the Elasmobranch yolk, appear in the protoplasmic 
matter around the germinal disc ; (2) After the deposition of the ova there is 
present in some forms a network of protoplasm extending from the germinal 
disc through the yolkh At impregnation this withdraws itself from the 
yolk. It is to be compared to the protoplasmic network of the Elasmo- 
branch ovum. 



Fig. 47. Two longitudinal sections of the blastoderm of a Pristiurus 

EMBRYO AT STAGES PRIOR TO THE FORMATION OF THE MEDULLARY GROOVE. 

ep. epiblast; //.lower layer cells; ot. mesoblast; hy. hypoblast; sc. segmentation 
cavity; es. embryo swelling ; nuclei of yolk ; m embryonic rim. 

There are two types of meroblastic ova. In one of these 
(Aves, Elasmobranchii) the germinal disc is formed in the 
ovarian ovum. In the second type the germinal disc is formed 
after impregnation by a concentration of the protoplasm at one 
pole. This concentration is analogous to what has already been 
described for Anodon and other Molluscan ova (p. 100). 

The ova of some Teleostei are intermediate between the two 
types. 

The ovum of the wood-louse, Oniscus murarius^, may be taken as an 
example of the second type of meroblastic ovum. In this egg development 
commences by the appearance of a small clear mass with numerous 
transparent vesicles. This mass is the protoplasm which has become 

^ Bambeke, /ffo «V. 

2 Fufe Bobretzky, Zeitschrift fir wiss. Zoologie, Vol. xxiv., 1874. 
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separated from the yolk. It undergoes segmentation in a perfectly 
norraal fashion. Examples of other cases of this kind have been described 
by Van Beneden and Bessels ^ in Anchorella, and in Hessia by Van 
Beneden^. It appears from their researches that the protoplasm collects 
itself together, first of all in the interior of the egg, and then travels to the 
surface. It arrives at the surface after having already divided into two or 
more segments, which then rapidly divide in the usual manner to form the 
blastoderm. 

There are some grounds for thinking that the cases of partial segmen- 
tation in the Arthropoda are not really quite comparable with those in 
other groups, but more probably fall under the next type of segmentation 
to be described. The grounds for this view are mentioned in connection 
with the next type. 

In most if not all meroblastic ova there appear during and 
after segmentation a number of nuclei in the yolk adjoining the 
blastoderm, around which cells become differentiated. (Figs. 46 
and 47.) These cells join the part of the blastoderm formed by 
the normal segmentation of the germinal disc. Such nuclei are 
formed in all craniate meroblastic ova®. In Cephalopods they 
have been found by Lankester, and in Oniscus by Bobretzky. 
They have been by some authors supposed to originate from the 
nuclei of the blastoderm, and by others spontaneously in the 
yolk. 

Some of the earliest observations on these nuclei were made by Lankes- 
ter* in the Cephalopods. He found that they appeared first in a ring- 
like series round the edge of the blastoderm, and subsequently all over the 
yolk in a layer a little below the surface. He observed their development 
in the living ovum and found that they “ commenced as minute points, gra- 
dually increasing in size like other free-formed nuclei.” A cell area sub- 
sequently forms around them. 

By E. van Beneden » they were observed in a Teleostean ovum to appear 
nearly simultaneously in considerable numbers in the granular matter 
beneath the blastoderm. Van Beneden concludes from the simultaneous 
appearance of these bodies that they develop autogenously. Kupfifer at an 
earlier period arrived at a similar conclusion. My own observations on these 
nuclei in Elasmobranchii on the whole support the conclusions to be derived 
from Lankester’s, Kupffer’s and Van Beneden’s observations. As mentioned 
above, the nuclei in Elasmobranchii do not appear simultaneously, but 

* Loc. cit. ^ de I' Acad. Belgique, Toxa.. 'Kxvs.., 

* Though less obvious in the ovura of the fowl than in that of some other types, 
they may nevertheless be demonstrated there without very much difficulty. 

* Quart. Journ. of Micr. Scieuce, Vol. xv, pp. 39, 40. 

® Quart. Journ. ofMicr. Science, Vol. xvili. p, 41; 
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increase in numlDer as development proceeds ; and it is possible that Van 
Beneden may be mistaken on this point. No evidence came before me or 
derivation from pre-existing nuclei in the blastoderm. My observations 
prove' however that the nuclei increase by division. This is shewn by the 
fact that I have found them with the spindle modification (fig. 46, and 
that in most cases they usually exhibit the form of a number of aggregated 
vesicles^, which is a character of nuclei which have just undergone division. 
It should be mentioned however that I failed to find a spindle modification 
of the nuclei in the later stages. Against these observations must be set 
those of Bobretzky, according to which the nuclei in Oniscus are really the 
nuclei of cells which have migrated from the blastoderm. Bobretzky’s obser- 
vations do not however appear to be very conclusive. 

It must be admitted that the general evidence at our com- 
mand appears to indicate that the nuclei of the yolk in mero- 
blastic ova originate spo7ttaneously. There is however a difficulty 
in accepting this conclusion in the fact that all the other nuclei 
of the embryo are descendants of the first segmentation nucleus ; 
and for this reason it still appears to me possible that the nuclei 
of the yolk will be found to originate from the continued 
division of one primitive nucleus, itself derived from the segmen- 
tation nucleus. 

The existence of these nuclei in the yolk and the formation 
of a distinct cell body around them is a strong piece of evidence 
in favour of the view above maintained, (which is not universally 
accepted,) that the part of the ovum of meroblastic ova which 
does not segment is of the same nature as that which does 
segment, and differs only in being relatively deficient in active 
protoplasm. 

The following forms have meroblastic ova of the first type : the Cephalo- 
poda, Pyrosoma, Elasmobranchii, Teleostei, Reptilia, Aves, Ornithodelphia (?). 
The second type of meroblastic segmentation occurs in many Crustacea, 
(parasitic Copepoda, Isopoda Mysis, etc.). It is also stated to be found in 
Scorpio. 

The ova of the majority of groups in the animal kingdom 
segment according to one of the types which have just been 
described. These types are not sharply separated, but form an 
unbroken series, commencing with the ovum which segments 
uniformly, and ending with the meroblastic ovum. 

1 At the time when my observations on Elasmobranchii were carried out, this 

peculiar condition of the nucleus had not been elucidated. 
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It is convenient to distinguish the ova which segment 
uniformly by some term; and I should propose for this tlic 
term alecithal\ as implying that they are without food-yolk, 
or that what little food-yolk there is, is distributed uniformly. 

The ova in which the yolk is especially concentrated at one 
pole I should propose to call telolecithal. They constitute 
together a group with an unequal or partial segmentation. 

The telolecithal ova may be defined in the following way : 
ova in which the food-yolk is not distributed uniformly, but is 
concentrated at one pole of the ovum. When only a moderate 
quantity of food-yolk is present the pole at which it is concen- 
trated merely segments more slowly than the opposite pole ; but 
when food-yolk is present in very large quantity the part of the 
ovum in which it is located is incapable of segmentation, and 
forms a special appendage known as the yolk-sack. 

There is a third group of ova including a series of types of 
segmentation nearly parallel to the telolecithal group. This 
group talces its start from the alecithal ovum as do the teloleci- 
thal ova, and equally with these includes a series of varieties 
of segmentation running parallel to the regular and unequal 
types of segmentation which directly result from the presence 
of a greater or smaller quantity of food-yolk. The food-yolk is 
however placed, not at one pole, but at the centre of the ovum. 
This group of ova I propose to name centrolecithal. It is 
especially characteristic of the Arthropoda, if not entirely con- 
fined to that group. 

Centrolecithal ova. As might be anticipated on the analogy 
of the types of segmentation already described, the concentration 
of the food-yolk at the centre of the ovum does not alwmys take 
place before segmentation, but is sometimes deferred till even 
the later stages of this process. 

Examples of a regular segmentation in centrolecithal ova 
are afforded by Palae'mon (Bobretzky) and Penmus (ITaeckel). 
A type of unequal segmentation like that of the PTog occurs in 
Gammariis locusta (Beneden and Bessels), where however the 
formation of a central yolk mass does not appear to take place 

1 For this term as well as for the terms telolecithal and centrolecithal I am indebted 
to Mr Lankester. 
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till rather late in the segmentation. More irregular examples of 
unequal segmentation are also afforded by other Crustaceans, 

various members of the genns Choudracant/ms (Beneden and 
Bessels) and by Myriapods, In all these cases segmentation 
ends in the formation of a layer of cells enclosing a central mass 
of food-yolk. 

The peculiarity of the centrolecithal ova with regular or un- 
equal segmentation is that (owing to the presence of the yolk in 
the interior) the furrows which appear on the surface are not 



Fig. 48. Segmentation OF A Crustacean OVUM (Pen.(Eus). (After HEcckd.) 

The sections illustrate the type of segmentation in which the yolk is aggregated at 
the centre of the ovum. 

j/k, central yolk mass. 

I and 2. Surface view and section of the stage with four segments. In 2 it 
is seen that the furrows visible on the surface do not penetrate to the centre of the 
ovum. 

3 and 4. Surface view and section of ovum near the end of segmentation. The 
central yolk mass is very clearly seen in 4, 


continued to the centre of the egg. The spheres which arc thus 
distinct on the surface are really united internally. Fig. 48, 
copied from Hteckel, shews this in a diagrammatic way. 

Many ova, which in the later stages of segmentation exhibit 
the characteristics of true centrolecithal ova, in the early stages 
actually pass through nearly the same phases as holoblastic ova. 
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Thus in Eiipagiiriis prideauxiE (fig, 49), and probably in the 
majority of Decapods, the egg is divided successively into two, 
four and eight distinct segments, and it is not till after the fourth 
phase of the segmentation that the spheres fuse in the centre of 
the egg. Such ova belong to a type which is really intermediate 



Transverse section through four stages in the segmentation of 
Eupagurus Prideauxii. (After P. Mayer.) 


between the ordinary type of segmentation and that with a 
central yolk mass. Eupagurus presents one striking peculiarity, 
viz. that the nucleus divides into two, four and eight nuclei, each 
surrounded by a delicate layer of protoplasm prolonged into a 
reticulum, before the ovum itself commences to become seg- 
mented. The ovum before segmentation is therefore in the 
condition of a syncytium. 

The segmentation of Asellus aquaticusS is very similar to that of Eupagu- 
rus, etc. but the ovum at the very first divides into as many segments (viz. 
eight) as there are nuclei. 

In Gammarus locusta the resemblance to ordinary unequal segmentation 
is very striking, and it is not till a considerable number of segments have 
been formed that a central yolk mass appears, 

^ MA'j^x,yenaischeZeitschrift.,\<A.^i, 

3 Ed. van Beneclen, BulL d. l^Acad. roj/. Belgique, s(5rie, Tom. xxviii. No. 7 
1869, p. 54. ‘ 
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In all the above types, as segmentation proceeds, the 
protoplasm becomes more and more concentrated at the surface, 
and finally a superficial layer of fiat blastoderm cells is com- 
pletely segmented off from the yolk below (fig. 49 D), 

In cases like those of Peneeus, Eupagurus, etc., the yolk in 
the interior is at first nearly homogeneous, but at a later period 
it generally becomes divided up partially or completely into a 
number of distinct spheres, which may have nuclei and therefore 
have the value of cells. In many cases nuclei have however not 
been demonstrated in these yolk spheres, though probably 
present ; yet, till they have been demonstrated, some doubt 
must remain on the nature of these yolk spheres. It is probable 
that not all the nuclei which result from the division of the first 
segmentation nucleus become concerned in the formation of the 
superficial blastoderm, but that some remain in the interior of 
the ovum to become the nuclei of the yolk spheres. 

In Myriapods [Chilognathd) a peculiar form of segmentation has been 






Fig. 50. Segmentation and formation of the blastoderm in Ciielifer. 
(After Metsclinikoff.) 

In A the ovum is divided into a number of separate segments. In B a number of 
small cells have appeared which form a blastoderm enveloping the large yolk 
spheres. In C the blastoderm has become divided into two layers. 
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observed by MetschnikofF^ The ovum commences by undergoing a per- 
fectly normal, though rather irregular total segmentation. But after the 
process of division has reached a certain point, scattered masses of very 
small cells make their appearance on the surface of the large spheres. These 
small cells have probably arisen in a manner analogous to that which 
characterizes the formation of the superficial cells of the blastoderm in the 
types of centrolecithal ova already described. They rapidly increase in 
number and eventually form a continuous blastoderm; while the original 
large segments remain in the centre as the yolk mass. In the interesting 
Arachnid Chelifer segmentation takes place in nearly the same manner as in 
Myriapods (fig. 50). 

It is clear that it is not possible in centrolecithal ova to have 
any type of segmentation exactly comparable with that of 
meroblastic ova. There are however some types which fill the 
place of the meroblastic ova in the present group, in as mneh as 
they are characterised by the preseitce of a large hulk of food-yolk 
which either does not segment^ or docs not do so till a vcjy late 
stage in the development. The essential character of this type of 
segmentation consists in the division of the germinal vesicle in 



1 re. 51. I OUR SUCCKSSIVE STAGES IN THE SEGMENTATION OF THE EGG OF TeTRA- 
NYCHIJS TELARIUS. (After Claparecle.) 

the interior, or at the surface of the ovum into two, four, etc. 
nuclei (fig. 51). These nuclei are each of them surrounded by a 
specially concentrated layer of protoplasm (fig. 51) which is 
1 Zdtschrift fur ivhs. ZooL, Vol. xxiv. i<S74. 
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continuous mth a general protoplasmic reticulum passing 
through the ovum [not shewn in fig. 5 1], The yolk is contained 
in the meshes of this reticulum in the manner already described 
for other ova. 

The ovum, like that of Eupagurus before segmentation, is 
now a syncytium. Eventually the nuclei, having increased by 
division and become very numerous, travel, unless previously 
situated there, to the surface of the ovum. They then either 
simultaneously or in succession become, together with protoplasm 
around them, segmented off from the yolk, and give rise to a 
peripheral blastoderm enclosing a central yolk mass. In the 
latter however many of the nuclei usually remain, and it also 
very often undergoes a secondary segmentation into a number 
of yolk spheres. 

The eggs of Insects afford numerous examples of this mode 
of segmentation, of which the egg of Porthesia^ may be taken as 
type. After impregnation it consists of a central mass of yolk 
which passes without a sharp line of demarcation into a peripheral 
layer of more transparent (protoplasmic) material. In the 
earliest stage observed by Bobretzky there were two bodies in 
the interior of the egg, each consisting of a nucleus enclosed in a 
thin protoplasmic layer with stellate prolongations. This stage 
corresponds with the division into two, but though the nucleus 
divides, the preponderating amount of yolk prevents the egg 
from segmenting at the same time. By a continuous division 
of the nuclei there becomes scattered through the interior of the 
ovum a series of bodies, each formed of nucleus and a thin layer 
of protoplasm with reticulate processes. After a certain stage 
some of these bodies pass to the surface, simultaneously (in 
Porthesia) or in some cases successively. At the surface the 
protoplasm round each nucleus contracts itself into a rounded 
cell body, distinctly cut off from the adjacent yolk. 

The cells so formed give rise to a superficial blastoderm of a 
single layer of cells. Many of the nucleated bodies remain in 
the yolk, and after a certain time, which varies in different forms, 
the yolk becomes segmented up into a number of rounded or 
polygonal bodies, in the interior of each of which one of the 


’ Ikibretzky, Zt’/A/. 7 viss. Zp( 7/., Btl. xxxi. 1878, 
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above nuclei with its protoplasm is present. Thi.s process, 
known as the secondary segmentation of the yolk, is really part 
of the true segmentation, and the bodies to which it gives ri.sc 
are true cells. 

Other examples of this type may be cited. In Aphis Mctschnikoff 
sliewecl that the first segmentation nucleus divides into two, each of which 
takes up a position in the clearer peripheral protoplasmic layer of the egg 
(fig. 53, I and 2). Following upon further division the nuclei enveloped in a 
continuous layer of protoplasm arrange themselves in a regular manner, and 
form a syncytium, which becomes segmented into definite cells (fig. 52, 3 and 
4). The existence of a special clear superficial layer of protoplasm has been 
questioned by Brandt. 



Fig. Segmentation of Aphis rosae. (Copied from Mctschnikoff.) 

In all the stages there is seen to be a central yolk mass surrounded by a layer of 
protoplasm. 

In this protoplasm two nuclei have appeared in i, four nuclei in a. In 3 the nuclei 
have arranged themselves regularly, and in 4 the protoplasm has become divided into 
a number of columnar cells corresponding to the nuclei. 

w. pole of the blastoderm which has no share in forming the embiyo. 

In Tetranychus telarins, one of the mites, Claparfede found on the surface 
of the ovum a nucleus surrounded by granular protoplasm (fig. 51) ; which 
is no doubt the first segmentation nucleus. By a series of divisions, all 
on the surface, a layer of cells becomes formed round a central yolk mass. 
The result here is the same as in Insects, but the nucleus with its granular 
protoplasm is from the first superficial. In other cases, such as that of the 
common fly®, a layer of protoplasm is stated to appear investing the yolk ; 
and in this there arise simultaneously (?) a number of nuclei at regular inter- 
vals, around each of which the protoplasm separates itself to form a distinct 
cell. Closely allied is the type observed by Kowalevsky in Apis. Develop- 
ment here commences by the appearance of a number of protoplasmic 

1 Metschnikoff, “Embry. Stud. Insecten,” Zeit. fiir mss. ZooL, Bd. xvi. 1866. 
My own observations on this form accord in the main with those of Metschnikoff. 

2 Vide. Weismann, EntwicUung d. Dipteren; and Auerbach, Ojganologische 
Studim. 
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prominences, each forming a cell provided with a nucleus, the nuclei having 
no doubt been formed by previous division in the interior of the ovum. 
They appear at the edge of the yolk, and are separated from one another by 
short intervals. Shortly after their appearance a second batch of similar 
bodies appears, filling up the interspaces between the first-formed promi- 
nences. In the fresh- water Gammarus fluviatilis the protoplasm is stated 
first of all to collect at the centre of the ovum, where no doubt the segmenta- 
tion nucleus divides. Subsequently cells appear at numerous points on the 
surface, and by repeated division constitute an uniform blastoderm investing 
the central yolk mass. This mode of formation of the blastoderm is closely 
allied to that observed by Kowalevsky in Apis. 

Between ova with a segmentation like that of Insects, and 
those with a segmentation like that of Penaeus, there is more 
than one intermediate form. The Eupagurus type, with the 
division of the first nucleus into eight nuclei before the division 



Fig. 53. Thrke stages in the segmentation of Philodromus limbatus. 

(After Hub. Luclwig.) 

of the ovum, must be regarded in this light ; but the most 
instructive example of such a transitional type of segmentation 
is that afforded by Spidersh 

The first phenomenon which can be observed after impreg- 
nation is the conglomeration of the yolk spheres into cylindrical 
columns, which finally assume a radiating form diverging from 
the centre of the egg. In the centre of the radiate figure is a 
protoplasmic mass, probably containing a nucleus, which sends 

1 VidehuA'mg,Zeii.f'wiss,Zool.,i^'3^. 
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out protoplasmic filaments through the columns (fig. 53 A). After 
a certain period of repose the figure becomes divided into two 
rosette-like masses, which remain united for some time by a proto- 
plasmic thread : this thread is finally ruptured (fig. S3 
whole egg does not in this process divide into two segments, but 
merely the radiate figure, which is enclosed in a finely granular 
material. The two rosettes next become simultaneously divided, 
giving rise to four rosettes (fig. 53 C) : and the whole process is 
repeated wfith the same rhythm as in a regular segmentation 
till there are formed thirty-two rosettes in all (fig. 54 A). The 
rosettes by this time have become simple columns, which by 
mutual pressure arrange themselves radiately around the centre 
of the egg, which however they do not quite reach. 

When only two rosettes are present the protoplasm with its 
nucleus occupies a central position in each rosette, but gradually, 
in the course of the subsequent subdivisions, it travels towards 
the periphery, and finally occupies, when the stage with thirty- 
two rosettes is reached, a peripheral position. The peripheral 
protoplasm next becomes separated off as a nucleated layer 



Fig. 54. Surface view and optical section of a late stage in the 
SEGMENTATION OF PHILODROMUS LIMBATUS (Kocll). (After liub. I.lldwig.) 
bl. blastoderm; yh yolk spheres. 

(fig. 54 B). It forms the proper blastoderm, and in it the nuclei 
rapidly multiply and finally around each an hexagonal or 
polygonal area of protoplasm is marked off ; and a blastoderm, 
formed of a single layer of flattened cells, is thus constituted. 
The columns within the blastoderm now form (fig. 54 B) more 
or less distinct masses, which are stated by Ludwig to be with- 
out protoplasm. 
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From observations of my own I am inclined to differ from Ludwig as to 
the nature of the parts within the blastoderm. My observations have been 
made on Agelena labyrinthica and commence at the close of the segmenta- 
tion. At this time I find a superficial layer of flattened cells, and within 
these a number of large polyhedral yolk cells. In many, and I believe all, 
of the yolk cells there is a nucleus surrounded by protoplasm. It is generally 
placed at one side and not in the centre of a yolk cell, and the nuclei are so 
often double that I have no doubt they are rapidly undergoing division. It 
appears to me probable that, at the time when the superficial layer of proto- 
plasm is segmented off fi-om the yolk below, the nuclei undergo division, and 
that a nucleus with surrounding protoplasm is left with each yolk column. 
For further details vide Chapter on Arachnida. 

Although by the close of the segmentation the protoplasm 
has travelled to a superficial position, it may be noted that at 
first it forms a small mass in the centre of the egg, and only 
eventually assumes its peripheral situation. It is moreover clear 
that in the Spider’s ovum there is, so to speak, an attempt at a 
complete segmentation, which however only results in an 
arrangement of the constituents of the ovum in masses round 
each nucleus, and not in a true division of the ovum into distinct 
segments. 

It seems very pz-obable that Ludwig’s observations on the segmentation 
of Spiders only hold good for species with comparatively small ova. 

In connection with the segmentation of the Insects’ ovum and allied 
types it should be mentioned that Bobretzky, to whose observations we are 
largely indebted for our knowledge of this subject, holds somewhat different 
views from those adopted in the text. He regards the nuclei surrounded by 
protoplasm, which are produced by the division of the primitive segmenta- 
tion nucleus, as so many distinct cells. These cells are supposed to move 
about freely in the yolk, which acts as a kind of intercellular medium. This 
view does not commend itself to me. It is opposed to my own observations 
on similar nuclei in the Spiders. It does not fit in with our knowledge of the 
nature of the ovum, and it cannot be reconciled with the segmentation 
of such types as Spiders or even Eupagurus, with which the segmentation in 
Insects is undoubtedly closely related. 

The majority if not all the cases in which a central yolk mass is formed 
occur in the Arthropoda, in which gi'oup centrolecithal ova are undoubtedly 
in a majority. In Alcyonium palmatum the segmentation appears however 
to resemble that of many insects. 

One or two peculiar varieties in the segmentation of ova of this type 
may be spoken of here. The first one I shall mention is detailed in the 
important paper of E. Van Bencden and Bessels which I have already so 
often had occasion to quote ; it is characteristic of the eggs of most of the 
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species of Chondracanthus, a genus of parasitic Crustaceans. The ovum 
divides in the usual way but somewhat irregul.irly into a, 4, 8 se-ments 
which meet m a central yolk mass; but after the third division insre.id of 
each segment dividing into two equal parts it divides ai „,u-c into four and 

Th„tT“" 'T reappears at eveiy successive division 

Thus the number of the segments at successive periods is 3, 4, t. 3. mS etc' 
In another peculiar case, an instance of which' is afforded In d .7/ " ’ 
^uus, afmr each of the earlier segmentaJtat ^it ‘ 

^rbTrof^^ra^^arr " " 

^ppear prohahie that the apparent casef :f":r.ifs;i:e“^^^^ 

by the segmentation in AscUus aquatiais^ In 2h o'”' '*’ 1 '’ 
are at fits, formed around a central yo rm;ss 1 r c r 

later on the dorsal surface if tte L 

to increase so as to render the formation of the volS f 

the same time the formation of tho KU «. i • ^ ^ inipossiblc, and at 

the commencement. inslTof^^ « 

of protoplasm with a nucleus might first ann f ^‘^Snientation, a mass 
ventral side of the egg, then divide in th Y surface on the future 

A raeroblastic segmentation might perhans bo surface, 

the type found in Insects. It is probable th clerived from 

Oniscus, the parasitic Isopoda, an^te n 

category j and it may be noticed that in th ^ Copepoda belong to this 

situated on the dorsal and not on the Vent'S sMeVf d *>= 

Phological importance of this latter fact will appear In dm 

restited i^tte followtag-^way. 

what food-yolk may be present 
ova the segmentaL n^uLf 

alecithal ova. described as 


■ Ed. van Benedoi, Ml. am. Ve, „„„ 
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(2) The distribution of food-yolk in the protoplasm of the 
ovum exercises an important influence on the segmentation. 

The rapidity with which any part of an ovum segments varies 
ceteris paribus with the relative amount of protoplasm it contains; 
and the size of the segments formed varies inversely to the 
relative amount of protoplasm. When the proportion of pro- 
toplasm in any part of an ovum becomes extremely small, 
segmentation does not occur in that part. 

Ova with food-yolk may be divided into two great groups 
according to the eventual arrangement of the food-yolk in the 
protoplasm. In one of these, the food-yolk when present is 
concentrated at the vegetative pole of the ovum. In the other 
group it is concentrated at the centre of the ovum. Ova belong- 
ing to the former group are known as telolecithal ova, those to 
the latter as centrolecithal. 

In each group more than one type may be distinguished. In 
the first group these types are (i) unequal segmentation, (2) 
partial segmentation. The features of these three types have 
been already so fully explained that I need not repeat them here. 

In the second gi-oup there are three distinct types, (i) equal 
segmentation, (2) unequal segmentation. These two being ex- 
ternally similar to the similarly named types in the first group. 
(3) Superficial segmentation. This is unlike anything which is 
present in the first group, and is characterized by the appearance 
of a superficial layer of cells round a central yolk mass. These 
cells may eijljlier appear simultaneously or successively, and their 
nuclei are derived from the segmentation within the ovum of the 
first segmentation nucleus.- 

The types of ova in relation to the characters of the segmen- 
tation may be tabulated in the following way : 

Segfnentation. 


(0 

alecithal 


ova 

(2) 

telolecithal 


ova 

( 3 ) 

centre- 


lecithal 

ova 


regular 

{a) unequal 
{b) partial 

{a) regular (with segments united in 
central yolk rnass) 

{b) unequal >, ,, „ „ 

(£■) superficial. 


122 


SUMMARY. 


Although the various types of segmentation which have been 
described present very different aspects, the}^ must nevertheless 
be looked on as manifestations of the same inherited tendency 
to division, which differ only according to the conditions under 
which the tendency displays itself. 

This tendency is probably to be regarded as the cmbryologi- 
cal repetition of that phase in the evolution of the Metazoa, 
which constituted the transition from the protozoon to the 
metazoon condition. 

From the facts narrated in this chapter the reader will have 
gathered that similarity or dissimilarity of segmentation is no 
safe guide to affinities. In many cases, it is true, a special type 
of segmentation may characterize a whole group ; but in other 
cases very closely allied animals present the greatest differences 
with respect to their segmentation ; as for instance the different 
species of the genus Gammarus, The character of the segmen- 
tation has great influence on the early phenomena of develop- 
ment, though naturally none on the adult form. 

External features of Segmentation. 

(106) E. Haeckel. “Die Gastrula ii. Eifurchung. ” Jmaische Zeilschrifi, 
Aol. IX. 1877 . 

(106) Fr. Ley dig. “Die DoUerfurebunig nach ihrem Vorkommen in d, 
Thierwelt u. n. ihrer Bedeutung.” Oken Isis. 
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SYSTEMATIC EMBRYOLOGY. 
Introduction. 

In all the Metazoa the segmentation is followed by a series 
of changes which result in the grouping of the embryonic cells 
into definite layers, or membranes, known as the germinal 
layers. There are always two of these layers, known as the 
epiblast and hypoblast; and in the majority of instances 
a third layer, known as the mesoblast, becomes interposed 
between them. It is by the further differentiation of the ger- 
minal layers that the organs of the adult become built up. 
Owing to this it is usual, in the language of Embryology, to 
speak of the organs as derived from such or such a germinal 
layer. 

At the close of the section of this work devoted to systematic 
embryology, there is a discussion of the difficult questions which 
arise as to the complete or partial homology of these layers 
throughout the Metazoa, and as to the meaning to be attached 
to the various processes by which they take their origin ; but a 
few words as to the general fate of the layers, and the general 
nature of the processes by which they are formed, will not be 
out of place here. 

Of the three layers the epiblast and hypoblast are to be 
regarded as the primary. The epiblast is essentially the primi- 
tive integument, and constitutes the protective and sensory 
layer. It gives rise to the skin, cuticle, nervous system, and 
organs of special sense. The hypoblast is essentially the diges- 
tive and secretory layer, and gives rise to the epithelium lining 
the alimentary tract and the glands connected with it. 
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The mesoblast is only found in a fully developed condition 
in the forms more highly organized than the Ccelenterata. It 
gives origin to the general connective tissue, internal skeleton, 
the muscular system, the lining of the body-cavity, the vascular, 
and excretory systems. It probably in the first instance origi- 
nated from differentiations of the two primary layers, and in all 
groups with a well-developed body-cavity it is divided into two 
strata. One of them forms part of the body- wall and is known 
as the somatic mesoblast, the other forms 
part of the wall of the viscera and is known 
as the splanchnic mesoblast. 

A very large number not to say the 
majority of organs are derived from parts of 
two of the germinal layers. Many glands 
for instance have a lining of hypoblast which 
is coated by a mesoblastic layer. 

The processes by which the germinal 
layers take their origin are largely influenced 
by the character of the segmentation, which, 
as was shewn in the last chapter, is mainly 
dependent on the distribution of the food- 
yolk. When the segmentation is regular, 
and results in the formation of a blastosphere, 
the epiblast and hypoblast are usually differentiated from the 
uniform cells forming the wall of the blastosphere in one of the 
two following ways. 

(1) One-half of the blastosphere may be pushed in towards 
the other half. A two-layered hemisphere is thus established 
which soon elongates, while its opening narrows to a small pore 
(fig* 55)' The embryonic form produced by this process is 
known as a gastrula. Ihe process by which it originates is 
known as embolic invagination, or shortly invagination. Of 
the two layers of which it is formed the inner one (t') is known as 
the hypoblast and the outer {d) as the epibla.st, while the pore 
leading into its cavity lined by the hypoblast is the blastopore 
(a). The cavity itself is the archenteron {b), 

(2) The cells of the blastosphere may divide themselves by 
a process of concentric splitting into two layers (fig. 56, 3). The 
two layers arc as before the epiblast and hypoblast, and the 



Fxg.SS. Diagram 
OF A Gastrula. 
(From Gegenbaiir.) 

a. blastopore ; l>. 
arclienteron ; e, hypo- 
blast; f/. epiblast. 
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process by which they originate is known as delamination. 
The central cavity or archenteron (jF) is in the case of delamina- 
tion the original segmentation cavity j and not an entirely new 
cavity as in the case of invagination. By the perforation of the 
closed two-walled vesicle resulting from delamination an embry- 



Fig. 56. Diagram shewing the formation of a Gastrula by delamination. 

(From Lankester.) 

Fig. I. Ovum. 

Fig. -2. Stage in segmentation. 

Fig. 3. Commencement of delamination after the appearance of a central cavity. 

Fig. 4. Delamination completed, mouth forming at M. 

In fig. I, 2 £ind 3 £1:. is ectoplasm, and En. is entoplasm. 

In fig. 4 Ec. is epiblast and En. hypoblast. 

onic form is produced which cannot be distinguished in structure 
from the gastrula produced by invagination (fig. 56, 4). The 
opening (M) in this case is not however known as the blastopore 
but as the mouth. 

When segmentation does not take place on the regular type 
the processes above described are as a rule somewhat modified. 
The yolk is usually concentrated in the cells which would, in 
the case of a simple gastrula, be invaginated. As a consequence 
of this, these cells become (i) distinctly marked off from the 
epiblast cells during the segmentation ; and (2) very much 
more bulky than the epiblast cells. The bulkiness of the 
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hypoblast cells necessitates a 
modification of the normal pro- 
cess of embolic invagination, 
and causes another process to 
be substituted for it, viz. the 
growth of the epi blast cells as 
a thin layer over the hypoblast. 

This process (fig. 57) is known 
as epibolic invagination. 

The point where the complete 
enclosure of the hypoblast cells 
is effected is known as the blas- 
topore. All intermediate con- 
ditions between epibolic and 
embolic invagination have been found. 

In delamination, when the segmentation is not uniform, or 
when a solid morula is formed, the differentiation of the epiblast 
and hypoblast is effected by the separation of the central solid 
mass of cells from the peripheral cells (fig. 58 A). 



Fig. 58. Two stages in the development of Stephanomia pictum. 

(After Metschnikoff.) 

A, Stage after the delamination, ep. epiblaslic invagination to form pneuma- 
tocyst.'' 

B. Later stage after the formation of the gastric cavity in the solid hypoblast, 
po. polypite; t. tentacle; pp. pneumatpphore j ep. epiblaslic invagination to form 
pneumatocyst ; hy. hypoblast surrounding pneumatocyst. 



Fig. 57. Transverse section 

THROUGH the OVUM OF EuAXES 
DURING AN EARLY STAGE OF DEVELOP- 
MENT. (After Kowalevsky.) 

ep. epiblast; ms, raesoblastic band; 
hy. hypoblast. 
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In the case of epibolic invagination as well as in that of the 
type of clelamination just spoken of, the archentenc cavity is in 
most cases secondarily formed In the solid mass of hypoblast 
(fig. 58 B). 

In ova with a partial segmentation there is usually some 
modification of the epibolic gastrula. 

Many varieties are found in the animal kingdom of the types 
of invagination and delamination just characterised, and in not 
a few forms the layers originate in a manner which cannot 
be brought into connection with either of these processes. 


Fig, 59. Epibolic gastrula. of Bonellia. (After Spengel.) 

A. Stage when the four hypoblast cells are nearly enclosed. 

B. Stage after the formation of the raesoblast has commenced by an infolding of 
the lips of the blastopore. 

epiblast ; mesoblast } blastopore. 

The mesoblast usually originates subsequently to the two 
primary layers. It then springs from one or both of the other 
layers, but its modes of origin are so various that it would be 
useless to attempt to classify them here. In cases of invagination 
it often arises at the lips of the blastopore (fig. 57 and 59), and 
in other cases part of it springs as paired hollow outgrowths of 
the walls of the archenteron. Such outgrowths are shewn in 
fig. 60, B and C at pv. The cavity of the outgrowths forms the 
body cavity, and the walls of the outgrowths the somatic and 
splanchnic layers of mesoblast (fig, C. sp. and so). The archen- 
teron is in part always converted into a section of the permanent 
alimentary tract; and the section of the alimentary tract so 
derived is known as the mesenteron. There are however 
usually two additional parts of the alimentary tract, known as 
B. II. 9 
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Fig. 60. Three stages in the development op Sagitta. (A and C after 
Blitschli and B after Kowalevsky.) The three embryos are represented in the same 
positions. 


A. Represents the gastrula stage. 

B. Represents a succeeding stage in which the piimitive archenteron is com- 
mencing to be divided into three parts, the two lateral of which are destined to form 
the tnesoblast. 

C. Represents a later stage in which the mouth involution (w) has liecome con- 
tinuous with alimentary tract, and the blastopore has become closed. 

m, mouth ; al. alimentary canal ; ae. archenteron ; hL p. blastopore ; p-v, perivis- 
ceral cavity; sp. splanchnic mesoblast ; so. somatic mesoblast ; ge. generative organs. 

the stomodaeum and proctodaeum, derived from epiblastic 
invaginations. They give rise respectively to the oral and anal 
extremities of the alimentary tract. 
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CHAPTER IV. 


DICYEMID^ AND ORTHONECTIDJi. 
Dicyemid^. 

The structure and development of these remarkable para- 
sites in the renal organs of the Cephalopoda have recently been 
greatly elucidated by the researches of E. van Beneden; and 
although a male element has not been discovered, yet the 
embryos originate from bodies which have a close similarity to 
ordinary ova. 

Van Beneden has shewn that Dicyema consists in the adult 
state of (i) a single layer of ciliated epiblast cells, somewhat 
modified anteriorly to form a cephalic enlargement; and of (2) 
one large nucleated hypoblast cell enclosed within the epiblast. 
There are two kinds of embryo, both developed from germs 
which originate in the hypoblast cell. The two kinds of embryo 
arise in individuals of somewhat different forms. The one kind, 
called by Van Beneden the vermiform embryo, arises in the 
more elongated and thinner examples of Dicyema which have 
been named Nematogens. These embryos pass directly into 
the parent form without metamorphosis. 

The second kind of embryo, called Infusoriform, is very 
different from the parent, and has a free existence. Its eventual 
history is not known. It originates in the shorter and thicker 
individuals of Dicyema; which have been called Rhombogens. 

The Vermiform Embryos. The germs or cells which give 
rise to the vermiform embryos originate endogenously in the 
protoplasmic reticulum of the axial hypoblast cell. They appear 
as small but well-defined spheres, with a minute body in the 
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centre. In these spheres a cbrtical layer becomes differentiated, 
which gradually increases in thickness and gives rise to the body 
of a cell, the nucleus and nucleolus of which arc respectively 
formed from the inner part of the original sphere and the minute 
central body. These germs can originate in all parts of the 
hypoblast cell and are frequently very numerous. 

The germ when completely formed undergoes a segmentation 
very similar to that of an ordinary ovum. It divides first into 
two and then into four approximately equal segments. Of the 
four segments one, however, remains passive for the remainder 
of the development. The other three divide and arrange them- 
selves so as partially to enclose in a cup-like fashion the passive 
cell (fig. 6 1 A). The six cells resulting 
from their division again divide, giving 
rise to twelve cells, which nearly enclose 
the passive cell, leaving only a small 
aperture at one point. The whole pro- 
cess by which the central cell becomes 
enclosed is, as E. van Beneden points 
out, identical with a gastrula formation 
by epibole, and the space where the 
central cell is left uncovered is the blas- 
topore. The central cell itself gives 
origin to the hypoblast cell of the 
adult, and the peripheral cells to the epiblast. 

By this time the embryo has assumed an oval form, and the 
blastopore is situated at the pole of the long axis of the oval 
where the cephalic enlargement is eventually formed. 

The subsequent development consists mainly in the closure 
of the blastopore, and an increase in the number of the epiblast 
cells. Before the development is completed, and while the 
embryo is still in the body of the parent, two germs, destined 
themselves to give rise to fresh embryos, appear in the hypoblast 
cell, one on each side of the nucleus (fig. 6i B). The embryo 
continues to elongate, while the anterior cells become converted 
into the polar cells. Cilia appear simultaneously over the 
general surface, and the embryo makes its way out of the body 
of the parent, usually at the cephalic pole, and becomes itself 
parasitic in the renal organ of the host in which it finds itself. 



A. 

Fig. 6i. 

STACK OK DICYKMA TYPUS. 

B, Vkrmikorm emurvo of 
Dicyema Typu.s. (From 
Gegenbaur, after E. van 
Beneden.) 
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At the time of birth the embryo may contain a number of germs 
and sometimes even developing embryos. 

Infnsoriform Embryos. The infusoriform embryos are 
capable of living in sea-water and almost certainly lead a free 
existence. In their most fully developed condition so far known 
they have the following rather complicated structure (fig. 62 D, 
E, F, G). 

The body is somewhat pyriform, with a blunt extremity 
which is directed fonvards in swimming, and a more pointed 
extremity directed backwards. The former may be spoken of as 
the anterior, and the latter as the posterior extremity or tail. 
At the anterior extremity are situated a pair of refractive bodies 
{r) which lie above an unpaired organ which may be called the 
urn. 

The structure of the urn, the refractive bodies, and the tail 
may be dealt with in succession. 

The urn consists of three parts: (i) a wall (//), (2) a lid (/), 
and (3} contents (gr). The wall of the urn is hemispherical in 
form, and composed of two halves in apposition (fig. F). Its 
concavity is directed forwards, and in its edge are imbedded a 
number of rod-like corpuscles which appear as a ring near the 
surface in a full-face view (fig. D). The lid has the form of a 
low pyramid with its apex directed outwards- It is made up of 
four segments (fig. D). The contents of the urn, which com- 
pletely fill up its cavity, are four polynuclear cells arranged in the 
form of a cross which appear with low powers as granular bodies 
(fig. F). They are frequently ejected, apparently at the will of 
the embryo. 

The refractive bodies (r), two in number, one on each side of 
the middle line, are composed of a material which is not of a 
fatty nature, and which is passive to the majority of reagents. 
Each is enveloped in a special capsule, and at times more than 
one refractive body is present in each capsule. The tail is a 
conical structure formed of ciliated granular cells. 

No plausible guess has been made as to the function either of 
the urn or of the refractive bodies. 

The infusoriform embryos originate from germs, which have 
however a different origin to the germs of the vermiform 
embryos. One to five cells appear in the axial hypoblast cell, in 
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a way not clearly made out, and each of them gives rise by an 
endogenous process to several generations of cells, all of which 
develop into infusoriform embryos. 



Fig. 6a. Infusoriform embryo op Dicyema. 

A. B. C. Three of the later stages in the development, 

D. E. F. Three different views of the full-grown larva. D. from the front, K. 
from the side, and F. from above. 

G. side view of urn, 

u. wall of urn ; /. lid of urn ; r. refractive bodies ; gr, granular bodies filling the 
interior of the urn. 

The primitive cell is called by Van Beneden a Gcrmogen, 
In its protoplasm a number of germs first appear endogenously, 
but the nucleus of the germogen does not assist in their forma- 
tion, They eventually become detached from the parent cell, 
around which they are concentrically arranged. A second and 
then a third generation of germs are formed in the same way, till 
the whole of the protoplasm of the primitive cell is absorbed in 
the formation of these germs, and nothing of it remains but the 
nucleus. The germs so formed are arranged in about three con- 
centric layers, of which the innermost is the youngest. One to 
five masses of germs may be present in a single Rhombogen. 
The germs undergo a division, in the course of which their nuclei 
exhibit very beautifully a spindle modification. In the course of 
the segmentation the embryo gradually assumes its permanent 
form, and four of the cells composing it can be distinguished 
from the remainder by their greater size (fig. 62 A, u). The two 
largest of these give rise to the wall of the urn, and also give 
origin to four smaller cells (fig. 62 B, gr) which eventually be- 
come polynuclear and constitute the four granular cells in the 
urn. The two other cells become the lid of the urn. The parts 
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^ of the urn lie at first side by side, but in the course of develop- 

ment the cells which form the wall of the urn travel inwards, and 
the four granular cells are carried into their concavit}^ At the 
same time the cells which form the lid of the urn alter their 
position so as to overlie the wall of the urn. The two cells 
immediately above the urn give rise to the refractive bodies 
(fig. 62 A, B, C, r) and the remainder of the cells of the embryo 
become the tail (fig. 62 C). The embryo becomes ciliated, and 
attains its nearly full development before leaving the parental 
tissues. It usually passes out at the cephalic extremity. 

As has already been stated, it is probable that the infusori- 
form embryos leave the renal organs of their host and lead a free 
existence. What becomes of them afterwards is not however 
known, though there can be little doubt that they serve to carry 
the species to new hosts. 

Till the further development of the infusoriform embryo is 
known it is not possible to arrive at a definite conclusion as to 
the affinities of this strange parasite. Van Beneden is anxious 
to form it, on account of its simple organization, into a group 
between the Protozoa and the Metazoa. It appears however 
very possible that the simplicity of its organization is the result 
of a parasitic existence ; a view which receives confirmation from 
the common occurrence of the process of endogenous cell-forma- 
tion in the axial hypoblast cell. It has been clearly shewn by 
Strasburger that endogenous cell-formation is secondarily 
derived from cell-division ; so that the occurrence of this pro- 
cess in Dicyema probably indicates that the hypoblast was primi- 
tively multicellular. It is not improbable that the enigmatical 
infusoriform embryo may develop into a sexual form, the pro- 
geny of which are destined to complete the cycle of develop- 
ment by becoming again parasitic in the renal organ of a 
Cephalopod. 
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Orthonectid^. 

A number of minute parasites infesting various Nemertines, Turbella- 
riaiis, and Ophiuroids have recently been studied by Giard and Metschnikoff, 
the former of whom has placed them in a special group which he calls the 
Orthonectidm. They were first discovered by W. C. McIntosh. 

In the adult: state they are^ (Metschnikoff) somewhat pear-shaped bodies 
formed of a kind of plasmodium of cells with irregular lobate processes. 
In the interior of this body are eggs in all stages of development. 
In the type observed by Metschnikoff (Intoshia gigas) the ova undergo 
a regular segmentation, resulting in the formation of a blastosphere 
in which an inner layer is subsequently formed by delamination. A 
smaller and a larger kind of embryo are formed ; but all the embryos 
in each female belong to one type. The larger become females and the 
smaller males. 

The female embryos are ovoid. The outer layer of cells or epiblast 
becomes ciliated, and divided into nine segments, of which the second 
is marked off from the remainder by the absence of cilia, and by being 
provided with refractive corpuscles. The inner layer which surrounds 
a central cavity, and might be supposed to be the hypoblast, becomes 
according to Metschnikoff converted into ova. 

The male embryos are more elongated than the female, from which they 
further differ in only having six segments. The cells of the inner layer 
eventually divide up into spermatozoa. 

The larvsa probably become free, and while in the free state impregna- 
tion would appear to be effected. When the female larvm become parasitic 
they undergo a metamorphosis, the stages of which have not been observed ; 
but in the course of which the epiblast cells probably unite into a plasmo- 
dium. 

The observations of Giard are in several points irreconcilable with those 
of Metschnikoff, but from the statements of the latter it appears possible 
that Giard has made two genera from the males and females of one species 5 
and that Giard’s account of an unequal segmentation followed by an 
epibolic gastrula, in one of his species, has arisen from two segmenting ova 
temporarily fusing together. Giard has given a description of internal 
gemmiparous reproduction, upon the accuracy of which doubts have been 
thrown by Metschnikoff. The affinities of the Orthonectidm are as obscure 
as those of the Dicyemidae ; though there can be but little doubt that 
their organization has been much simplified in correlation with their 
parasitic habits. The origin of the genital products in the axial tissue is 

a feature they have in common with the Dicyemidae. 

^ This at any rate holds true for the type investigated by Metschnikoff. The 
full history of other forms is not yet known. 


ORTHONECTID^. 


137 


Bibliography. 

(120) Alf. Giard. “ Les Orthonectida classe nouv, d. Phylum des Vers.” 
Tournal dc PA?taL et de la Physiol., Vol. XV. 1879. 

(121) EL Metschnikoff. “Zur Naturgeschichte d. Orthonectidae.” Zoolo- 
gischcr Anzeiger,YiQ. — 43,1879. 

[Ch. Julin. “ Rech. siir rorganization et le devel. d’Ortlionectides.” Arch. 
Biol. Vol. in. 1 882. 

E. Metschnikoff. “ Untersuchungen iib. Oilhonectidse.” Zdi. f. Wiss. Zoo- 
logic, Vol. XXXV. 1881. 

For general account of Orthonectidm, vide Spengel. Biolog. Centralblatt, No. 6.] 


CHAPTER V. 


PORIFERA, 

Although within the last few years greater advances have 
probably been made in our knowledge of the development of the 
Porifera than of any other group, yet there is much that is still 
very obscure, and it is not possible to make general statements 
applying to the whole group. 

CalcispongisB. The form which has so far been most com- 
pletely worked out is Sycandra rapkanus, one of the Calcispon- 
gi$ (Metschnikoff, Nos. 132 and 134, F. E. Schulze, Nos. 139 
and 142), and I shall commence my account with the life-history 
of this species. 

The ovum in Sycandra as in other Spongida has the form of 
a naked amceboid nucleated mass of protoplasm. From the 
analogy of the other members of the group, there is no doubt 
that it is fertilized by a male spermatic element, though this has 
not as yet been shewn to be the case — and the changes which 
accompany fertilization are quite unknown. 

The segmentation and early stages of development take 
place in the tissues of the parent. The segmentation is some- 
what peculiar, though a modification of a regular segmentation. 
The ovum divides along a vertical plane, first into two, and then 
into four equal segments. But even when two segments are 
formed, each of them has one end pointed and the other broader. 
The pointed ends give rise to the ciliated cells of the future 
larva, and the broad ends to the granular cells. Instead of the 
next division taking place, as is usually the case, in a horizontal 
(equatorial) plane, it is actually effected along two vertical planes 
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intermediate in position between the two first planes of segmen- 
tation. Eight equal segments are thus formed, each of which 
has the form of a pyramid. All the segments are situated in a 
single tier, and are so arranged as to give to the whole ovum the 
form of a flat cone, the apex of which is formed by the pointed 
extremities of the constituent segments (fig. 63 B). The apices 
of the segments do not however quite meet, but they leave a 
central space, which is an actual perforation (fig. 63 A) through 
the axis of the ovum, open at both ends. The first indications 
of this perforation appear when only four segments are present, 



Fig. 63. Successive stages in the segmentation of Sycandra raphanus. 

(Copied from F. E. Schulze,) 

A. stage with eight segments still arranged in pairs, from above. 

B. side view of stage with eight segments. 

C. side view of stage with sixteen segments. 

D. side view of stage with forty-eight segments. 

E. view from above of stage with forty-eight segments. 

F. side view of embryo in the blastosphere stage, eight of the granular cells which 
give rise to the epiblast of the adult are present at the lower pole. 

cs. segmentation cavity ; ec. granular cells which form the epiblast ; en. clear cells 
which form the hypoblast. 

and it is to be regarded as the homologue of the segmentation 
cavity of other ova. The next plane of division is horizontal 
(equatorial), and the apices of the eight cells are segmented off 
as a tier of small cells. At the completion of this division (fig, 63 
C), the ovum is formed of .sixteen cells arranged in two superim- 
posed tiers. The ovum now assumes somewhat the form of a 
biconvex lens, in the axis of which the central perforation is still 
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present. At the close of the next stage, forty-eight cells are pre- 
sent arranged in four tiers (fig. 63 D and E), the two outer tiers 
containing eight cells each, and the two inner sixteen. The two 
inner tiers probably arise by the simultaneous appearance of two 
equatorial furrows dividing the original tiers into two, and by the 
subsequent simple division of the ceils of the two inner of the 
tiers so formed. At the close of the stage the eight basal cells 
become granular (fig. 63 F). At the same time the central part 
of the segmentation cavity becomes enlarged, while its terminal 
apertures become narrowed and finally, shortly after the end of 
this stage, closed. The axial perforation thus acquires the 


Fig, 64. Larva of Sycandra raphanus at pseudogastrula stage, in situ 
IN THE maternal TISSUES. (Copied from F. E. Schulze.) 

Mi’, inesoblast of adult; hy, collared cells forming hypoblast of the adult ; cn. 
clear cells of larva which eventually become involuted to form the hypoblast ; ec. 
granular cells of larva which give rise to the epiblast, which at this stage are partially 
involuted, 

character of a closed segmentation cavity. While the ovum 
itself becomes at the same time a blastosphere. 

This stage nearly completes the segmentation : in the next 
one, the cells of the poles of the blastosphere increase in number, 
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and the cells of the greater part of the blastosphere become 
columnar and ciliated, (fig. 64 while the granular cells (sc.) 
increase to about thirty-two in number and appear to be (parti- 
ally at least) involuted into the segmentation cavity, reducing this 
latter to a mere slit. This stage forms the last passed by the 
embryo in the tissues of the parent. The general position of the 
embryo while still in this situation may be gathered from fig. 64, 
representing the embryo in sitn. The embryo is always placed 
close to one of the radial canals. From this situation it makes 
its way through the lining cells into a canal and is thence trans- 
ported to the surrounding water. By the time the larva has 
become free, the semi-invaginated granular cells have increased 
in bulk and become everted so as to project very much more 
prominently than in the encapsuled state. To the gastrula stage, 
if it deserves the name, passed through by the embryo in the 
tissues of the parent, no importance can be attached. 

The larva, after it has left the parental tissues, has an oval 
form and is transversely divided into two areas (fig. 65 A). One 



Fig. 65. Two free stages in the development of Sycandra raphanus, 
(Copied from Schulze.) 

A. Amphiblastula stage. 

B. A later stage after the ciliated cells have commenced to become invaginated. 
cs, segmentation cavity j ec, granular cells which will form the epiblast ; en, 

ciliated cells which become invaginated to form the hypoblast. 

of these areas is formed of the elongated, clear, ciliated cells, 
with a small amount of pigment near their inner ends (^a), and 
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the other and larger area of the thirty-two granular cells already 
mentioned {ec). Fifteen or sixteen of these are arranged as a 
special ring on the border of the clear cells. In the centre of the 
embryo is a segmentation cavity {c.s,) which lies between the 
granular and the clear cells, but is mainly bounded by the 
vaulted inner surface of the latter. This stage is known as the 
amphiblastula stage. During the later periods of the amphi- 
blastula stage a cavity appears in the granular cells dividing them 
into two layers. After the larva has for some time enjoyed a 
free existence, a remarkable series of changes take place, which 
result in the invagination of the half of it formed of the clear 
cells, and form a prelude to the permanent attachment of the 
larva. The entire process of invagination is completed in about 
half an hour. The whole embryo first becomes flattened, but 
especially the ciliated half, which gradually becomes less promi- 
nent (fig. 65 B); and still later the cells composing it undergo a 
true process of invagination. As a result of this invagination 
the segmentation cavity is obliterated, and the larva assumes a 
compressed plano- 
convex form, with 
a central gastrula 
cavity, and a blasto- 
pore in the middle 
of the flattened sur- 
face. The two layers 
of the gastrula may 
now be spoken of as 
epiblast and hypo- 
blast. The blasto- 
pore becomes gradu- 



ally narrowed by the Fixed Gastrula stage of Sycandra 

growth over it of the (CopW ftom Schuka.) 

/ne figure shews the amoeboid epibk.st celts (^f.) 
outer row of granu- derived from the granular cells of the earlier stage, and 
lar cell s When it hn hypoblast cells, lining the gastrula cavity, 
lai cens. vv nen ir nas derived from the ciliated cells of the earlier stage. The 
become very small fixed by the amoeboid cells on the side on 

the attachment of 

the larva takes place by the flat surface where the blastopore 
is situated. It is effected by protoplasmic processes of the 
outer ring of epiblast cells, which, together with the other 
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epiblast cells, now become amoeboid. They become at the 
same time clearer and permit a view of the interior of the 
gastrula. Between the epiblast cells and the hypoblast cells which 
line the gastrula cavity there arises a hyaline structureless layer, 
which is more closely attached to the epiblast than to the hypo- 
blast, and is probably derived from the former. A view of the 
gastrula stage after the larva has become fixed is given in fig. 66. 

There would seem according to Metschnikoff’s observations 
(No. 184) to be a number of mesoblast cells interposed between 
the two primary layers, which he derives from the inner part of 
the mass of granular cells. 

After invagination the cilia of the hypoblast cells can no 
longer be seen, and are probably absorbed ; and their disappear- 
ance is nearly coincident with the complete obliteration of the 
blastopore, an event which takes place shortly after the attach- 
ment of the larva. 

Not long after the closure of the blastopore, calcareous 
spicules make their appearance in the larva as delicate un- 
branched rods pointed at both extremities. They appear to be 
formed on the mesoblast cells situated between the epiblast and 
hypoblasth The larva when once fixed rapidly grows in length 
and assumes a cylindrical form (fig. 67 A). The sides of the 
cylinder are beset with calcareous spicules which project beyond 
the surface, and, in addition to the unbranched forms, spicules 
are developed with three and four rays as well as some with a 
blunt extremity and serrated edge. The extremity of the 
cylinder opposite the attached surface is flattened, and, though 
surrounded by a ring of four-rayed spicules, is itself free from 
them. At this extremity a small perforation is formed leading 
into the gastric cavity, which rapidly increases in size and forms 
an exhalent osculum {os.). A series of inhalent apertures is also 
formed at the sides of the cylinder. The relative times of 
appearance of the single osculum and the smaller apertures are 
not constant for the different larvae. On the central gastrula 
cavity of the sponge becoming placed in communication with 
the external water, the hypoblast cells lining it become ciliated 

^ MetschnikofF was tlie first to give this account of the development of the spicules 
in Sycandra, but Prof. Schulze has informed me by letter that he has arrived at the 
same re-sult. 
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afresh (fig. 67 B, m.) and develop the peculiar collar characteris- 
tic of the hypoblast cells of the Spongida {vide fig. 64, hyi). 
When this stage of development is reached we have a fully- 
formed sponge of the type made known by Haeckel as 
Glynthus. 



Fig. 67. The young of Sycandra raphanus shortly after the develop- 
ment OF THE Spicula. (Copied from Schulze.) 

A. View from the side. 

B. View from the free extremity. 

os. osculum ; ec. epiblast j en. hypoblast composed of ciliated cells. The terminal 
osculum and lateral pores are represented as oval white spaces. 

When young examples of Sycandra come in contact shortly 
after their attachment they appear to fuse together temporarily 
or else permanently. In the latter case colonies are produced 
by their fusion. 


the larva of Ascandra contorta 
(Haeckel No. 126, Barrois No, 122) presents the typical amphiblastula staee 
and so probably does that of Ascandra Lieberkiihnii (Keller No 128) In 
Leucandra as^ra (Keller No. 128, Metschnikofif No. 134) the laiwa passes 
tlirough an amphiblastula stage, but the characters of the cells of the two 
halves of the larva do not differ to nearly the same extent as in Sycandra. ' 
Although the majority of calcareous sponges appear to agree in^ their 
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mode of development with Sycandra, nevertheless the concordant researches 
of O. Schmidt (No. 138) and Metschnikoff (No. 134) have shewn that this 
is not true for the genus Ascetta (As. j>rimordialis, dathrus and blanca). 

The larvae of these forms are very differently constituted to those 
of Sycandra, They have an oval form and are composed of a single 
row of ciliated columnar cells : their two extremities only differ in the cells 
at one extremity being longer than those at the other. Especially at the 
pole where the shorter cells are situated (Schmidt) a metamorphosis of the 
cells takes place. One after the other they lose their cilia, become granular, 
and pass into the interior of the vesicle. Here they become differentiated 
into two classes (Metschnikoff); one of larger and more granular cells, 
and the other of smaller cells with clearer protoplasm. Cells of the former 
class are mainly found at one of the poles. When the larva becomes 
free the cells in the interior of the vesicle increase in number aird nearly 
fill up its central cavity. After a short free existence the larva becomes 
fixed, and the epiblast cells lose their cilia and become flattened. At a later 
period the large granular cells assume a radiate arrangement round a central 
cavity and become clearly marked out as the hypoblast cells. The smaller 
cells become placed between the epiblast and hypoblast and constitute the 
mesoblast. 

Myxospongias. In this group Halisarca has been investi- 
j. gated by Carter (No. 123), Barrois (No. 122), Schulze (No. 141) 
and Metschnikoff (No. 134). The ova develop in the mesoblast, 
^ihd when ripe occupy special chambers lined by a layer of 
epithelial cells. Schulze has found the spermatozoa of this 
genus of sponge and has been able to shew that the sexes may 
* be distinct, though many species of Halisarca are hermaphrodite. 

The segmentation is, roughly speaking, regular, and a seg- 
mentation cavity is early formed, which is never, as in Calci- 
spongise, open at the poles. When the larva leaves the parent it 
is an oval vesicle formed of a single layer of columnar ciliated 
cells. Slight differences may be observed between the two 
extremities of the larvae of most species. One of these — the 
hinder extremity — is directed backwards in swimming. 

The further history of the larva has been investigated by 
Metschnikoff. He has found that the interior of the vesicle 
becomes gradually, filled with mesoblast cells of a peculiar type, 
called by him rosette-cells, which are probably derived from the 
Hr walls of the vesicle. 

' When the metamorphosis commences, the larva assumes a 
flattened form,' and cells of a new type, viz. normal amoeboid 
B. 11. lO 
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cells, grow in amongst the rosette cells. The new cells are also 
derived from the epiblast. The larvae appear to fix themselves 
by the hinder extremity. The cilia gradually disappear, and 
the epiblast cells flatten out and form a kind of cuticle. Foi 
some time the larva remains in the two-layered condition, but 
gradually canals (? ciliated chambers) lined by hypoblast cells 
become formed. They appear as closed spaces with walls 
of ciliated cells derived from the amoeboid cells, and the 
different parts of the system of chambers are established inde- 
pendently. In a. fontica the ciliated chambers are formed 
before the attachment of the larva. The development was not 
followed up to the formation of the pores placing the canal 
.system in communication with the exterior. 

The young sponges at a somewhat later stage have been 
studied by Schulze and Barrois. They are formed of an 
external layer of flattened cells, not clearly ciliated as in the 
adult, within which are a normal mesoblastic tissue, and several 
spherical chambers lined by ciliated cells exactly like the ciliated 
chambers of the full-grown sponge. Irregular invaginations of 
the epiblast give to the young sponge a honeycombed structure. 
The ciliated chambers in the youngest condition of the sponge 
are closed ; but in slightly older examples they come into com- 
munication with the passages lined by hypoblast, and so indirectly 
with the external medium. 

Ceratospongiae. Amongst the true Ceratospongiee the embryos of 
two of the Aplysinidffi, and of Spongelia and Euspongia have been to some 
extent worked out by Barrois and Schulze. The form worked out by Barrois 
is called by him Verongia rosea. The segmentation is nearly regular, but 
from the first the segments may be divided according to their constitution 
into two categories. At the close of segmentation the embryo is oval and 
covered by a single layer of columnar ciliated cells ; these cells may however 
be divided into two categories, corresponding with those observable during 
the segmentation. A certain number are coloured red and form a definite 
circular mass at one pole, while the remainder, which constitute the major 
part of the embryo, have a pale yellowish colour. Those at the red pole 
lose their cilia in the free larva, but around the area formed by them is a 
special ring of long cilia. The chief peculiarity of the embryo (made known 
by Schulze) consists in the fact that the layer of cells which covers the 
embryo does not, as in other sponge embryos, simply enclose a space, 
but the interior of the embryo is formed of a mass of stellate cells like the 
normal mesoblast of full-grown sponges.- 
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This feature is also characteristic of the embryos of Spongelia and 
Euspongia. 

. The embryo of the Gumminese {Gianmina mhnosa) has been in- 
vestigated by Barrois (No. 122), and has been shewn closely to resemble the 
typical larvse of calcareous sponges ; one-half being formed of elongated 
ciliated cells and the other of rounded granular ones. 

Silicispongiffi. The development of marine silicious sponges is but 
very imperfectly understood. The larvae of various forms— -Reniera (Iso- 
dyctia), Esperia (Desmacidon), Raspailia, Halichondria, Tethya — have been 
described. Barrois has she%vn that the egg segments regularly and that in 
the earlier stages a segmentation cavity is present. In the later stages the 
embryo appears to become solid. Externally there is a layer of ciliated cells, 
and within a mass of granular matter in which the separate cells cannot be 
made out. The granular matter projects at one pole, and forms a prominence 
possibly equivalent to the granular cells of Sycandra. In some forms, e.g. 
Reniera, the edge of the unciliated granular prominence may be surrounded 
by a row of long cilia. In later stages the granular material may project at 
both poles or even at other points. One remarkable feature in the 
development of the Silicispongite is the appearance of spicula between the 
ciliated cells and the central mass, while the larva is still free. 

Professor Schulze has infonned me that these spicula are developed 
in mesoblast cells ; while the horny fibres of the sponge are developed 
as cuticular products of special mesoblast cells (spongioblasts). 

The attachment and accompanying metamorphosis are so diversely 
described that no satisfactory account can be given of them. The general 
statements are in favour of the attachment taking place by the posterior 
extremity where the granular matter projects. 

Carter especially gives a very precise account, with figures, of the 
attachment of the larva in this way. He also figures the appearance of an 
osculum at the opposite poleh 

A very elaborate account of the development of Spongiila has been 
published in Russian by Ganin, of which a German abstract has also 
appeai'ed (No. 124). 

The ovum undergoes a regular segmentation and becomes a solid oval 
morula. An epiblast of smaller cells is early differentiated, and in the 
interior of the inner cells an archenteron becomes subsequently formed. 
The inner cells next become divided into an hypoblastic layer lining the 

^ Keller (No. 120) has recently given an account of the development of Halichon- 
clria (Chalinula) fertilis. He finds that there is an irregular segmentation, followed l)y 
a partial epibolic invagination, the inner mass of cells remaining exposed at one pole 
and forming there a prominence, equivalent to the granular prominence in the larvic 
of other Silicispongke. The free swimming larva resembles the larva of other yili- 
cispongim in the possession of spicuia, etc., and after becoming laterally compre.ssed 
attaches itself by one of ibe flattened sides. A central cavity is formed in tbe interior 
with ciliated chambers opening into it, and is subsequently placed in communication 
with the exterior Ijy the formation of an aperture which constitutes the osculum. 
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archenteron, and a mesoblastic layer between this and the now cilifitcd 
epiblast. At the naiTOw hinder end of the embryo the mcsoldast ])C(:omes 
thickened, and largely obliterates the archenter on. In this p:i,rt of die 
inesoblast silicious spicula are formed. The larva becomes attached by 
its hinder extremity, and in the course of this process (hitlens itself out 
to a disc-like form. From the nearly obliterated andienteric cavity out- 
growths take place which give rise to the ciliated cliambcrs. Tliese 
are not placed directly in communication with the exterior, but open, if I 
understand Ganin rightly, into a space in the mesoblast, which subsequently 
acquires an exterior communication— the primitive osculum. The subse- 
quent pores and oscula are also formed as openings leading into the meso- 
blastic cavity, which communicates in its turn with the ciliated chambers. 

It appears that in the present unsatisfactory state of our 
knowledge the larvje of the Porifera may be divided into two 
groups: viz. (i) those which have the form of a blastosphere or 
else of a solid morula; (2) tho.se which have the amphiblastula 
form. 

In the former type the mesoblast and hypoblast are formed 
either from cells budded off from the outer cells of the blasto- 
sphere or from the solid inner mass of cells ; while the outer 
ciliated cells become the epiblast. This type of larva, which is 
found in the majority of sponges, is very similar in its general 
characters and development to many Coelenterate planulae. 

The second type of larva is very peculiar, and though in its 
fully developed form it is confined to the Calcispongiiu, W'here it 
is the usual form, a larval type with the same characters is 
perhaps to be found in other sponges, e.£-, amongst the Gum- 
mincce, and amongst the Silici.spongia: where one-half of the 
embryo is without cilia, though in the case of the Silicispongim 
the cells of the ciliated part of the embryo correspond to the 
granular cells of the larva of Sycandra. 

The later stages in the development of the larvm of the Pori- 
fera are not similar to anything we know of in other groups. 

It might perhaps be possible to regard sponges as degraded descendants 
of some Actinozoon type such as Alcyonium, with branched prolongations of 
the gastric cavity, but there does not appear to me to be sufficient evidence 
for doing so at present I should rather prefer to regard them as an 
independent stock of the Metazoa. 

In this connection the amphiblastula larva presents some points of 
interest. Does this larva retain the characters of an ancestral type of the 
Spongida, and if so, what does its foi'm mean ? It is, of course, possible that 
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it has no ancestral meaning but has been secondarily acquired ; but, assuming 
that this is not the case, it appears to me that the characters of tht arva 
may be plausibly explained by regarding it as a transitional form etween 
the Protozoa and Metazoa. According to this view the larva is to ^ e 
considered as a colony of Protozoa, one-half of the individuals 0 
have become diiferentiated into nutritive forms, and the othei ha in o 
locomotor and respiratory forms. The granular amoeboid cells lepreseri 
the nutritive forms, and the ciliated cells represent the locomotor and 
respiratory forms. That the passage from the Protozoa to the h etazoa 
may have been effected by such a differentiation is not impro a e on 
fl /r/m grounds. 

While the above view seems fairly satisfactory for the free swimming 
stage of the larval sponge, there arises in the subsequent deve ^ 

difficulty which appears at first sight fatal to it. This difficu ty is i 
invagination of the ciliated cells instead of the granular ones, e 

granular cells represent the nutritive individuals of the colony, t ^ 
not the ciliated cells, ought most certainly to give rise to the lining o re 
gastrula cavity, according to the generally accepted views of the 
of the Spongida. The suggestion which I would venture to put 
explanation of this paradox involves a completely^ new view o t e n 
and functions of the germinal layers of adult Spongida. 

It is as follows : — When the free swimming ancestor of the , 

became fixed, the ciliated cells by which its movements used to e e ^ 
must have to a great extent become functionless. At the same 
amoeboid nutritive cells would need to expose as large a surface as possi e^ 
In these two considerations there may, perhaps, be found a su ciem ®^P 
nation of the invagination of the ciliated cells, and the 8 ^°^ mainlv 
amoeboid cells over them. Though respiration was, no 
effected by the ciliated cells, it is improbable that it was ^ 
localized in them, but' they were enabled to J rells 

function through the formation of an osculum and pores. The 
which line the ciliated chambers, or in some cases the ra j 

are undoubtedly derived from the invaginated cells, and, 1 
truth in the above suggestion, the collared cells m the ^ 
be mainly respiratory and not digestive in function, ^ ® ® hctmce^ 

cells, which in most cases line the inhalent passages throug its 
ought to be employed to absorb nutriment. The recent re 
Metschnikoff (No. 134) on this head shew that the nutrim ^ f 
carried into the mesoblast cells, which in Sycandra appear to be dei 

1 That the greater part of the flat cells which line the passages 
are really derived from epiblastic invaginations appears to me to 140) 

and Barrois’ observations on the young fixed stages of Halisarca. . chamber 

observations have however proved that the flat cells Immg j . ^.^O) and 

of Sycandra are hypoblastic in origin, and the obs jvations of ,1,, 

Ganin (No. 124) have led to the same result for the flat epithelium g 

passages of the Silicispongiie. 



148 


SILICISPONGIiE. 


archenteron, and a mesolDlastic layer between this and the now ciliated 
epiblast. At the narrow hinder end of the embryo the mesoblasl becomes 
thickened, and largely obliterates the archenteron. In this part of the 
mesoblast silicious spicula are formed. The larva becomes attached by 
its harder extremity, and in the course of this process Hattons itself out 
to a disc-like form. From the nearly obliterated archenteric <'avity out- 
growths take place which give rise to the ciliated chambers, 'rhese 
are not placed directly in communication with the exterior, but open, if I 
understand Ganin rightly, into a space in the mesoblast, which suhse(inontly 
acquires an exterior communication— the primitive osculimi. 'I'he subse- 
quent pores and oscula are also formed as openings leading into the meso- 
blastie cavity, which communicates in its turn with the ciliated chambers. 

It appears that in the present unsatisfactory state of out- 
knowledge the larvae of the Porifera may be divided into two 
groups ; viz. (i) those which have the form of a bla'stosphere or 
else of a solid morula; (2) those which have the amphiblastula 
form. 

In the former type the mesoblast and hypoblast arc formed 
either from cells budded off from the outer cells of the blasto- 
sphere or from the solid inner mass of cells ; while the outer 
ciliated cells become the epiblast. This type of larva, which is 
found in the majority of sponges, is very similar in its general 
characters and development to many Coelenterate planulae. 

The second type of larva is very peculiar, and though in its 
fully developed form it is confined to the Calcispongiae, where it 
is the usual form, a larval type with the same characters is 
perhaps to be found in other sponges, e,g. amongst the Gum- 
mineae, and amongst the Silicispongiae where one-half of the 
embryo is without cilia, though in the case of the Silicispongim 
the cells of the ciliated part of the embryo corre.spond to the 
granular cells of the larva of Sycandra. 

The later stages in the development of the larvae of the Pori- 
fera are not similar to anything we know of in other groups. 

It might perhaps be possible to regard sponges as degraded dcscendant.s 
of some Actinozoon type such as Alcyonium, with branched prolongations of 
the gastric cavity, but there does not appear to me to be sufficient evidence 
for doing so at present, I should rather prefer to regard them as an 
independent stock of the Metazoa. 

In this connection the amphiblastula larva presents some points of 
interest. Does this larva retain . the : characters of an ancestral type of the 
Spongida, and if so, what does its form mean ? It is, of course, possible that 
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it has no ancestral meaning but has been secondarily acquired ; but, assuming 
that this is not the case, it appears to me that the characters of the larva 
may be plausibly explained by regarding it as a transitional form between 
the Protozoa and Metazoa, According to this view the larva is to be 
considered as a colony of Protozoa, one-half of the individuals of which 
have become differentiated into nutritive forms, and the other half into 
locomotor and respiratory forms. The granular amoeboid cells represent 
the nutritive forms, and the ciliated cells represent the locomotor and 
respiratory forms. That the passage from the Protozoa to the Metazoa 
may have been effected by such a differentiation is not improbable on 
a priori grounds. 

While the above view seems fairly satisfactory for the free swimming 
stage of the larval sponge, there arises in the subsequent development a 
difficulty which appears at first sight fatal to it. This difficulty is the 
invagination of the ciliated cells instead of the granular ones. If the 
granular cells represent the nutritive individuals of the colony, they, and 
not the ciliated cells, ought most certainly to give rise to the lining of the 
gastrula cavity, according to the generally accepted views of the morphology 
of the Spongida, The suggestion which I would venture to put forward in 
explanation of this paradox involves a completely new view of the nature 
and functions of the germinal layers of adult Spongida. 

It is as follows : — When the free swimming ancestor of the Spongida 
became fixed, the ciliated cells by which its movements used to be effected 
must have to a great extent become functionless. At the same time the 
amceboid nutritive cells would need to expose as large a surface as possible. 
In these two considerations there may, perhaps, be found a sufficient expla- 
nation of the invagination of the ciliated cells, and the growth of the 
amceboid cells over them. Though respiration was, no doubt, mainly 
effected by the ciliated cells, it is improbable that it was completely 
localized in them, but ' they were enabled to continue performing this 
function through the formation of an osculum and pores. The collared cells 
Avhich line the ciliated chambei'S, or in some cases the radial tubes, 
are undoubtedly derived from the invaginated cells, and, if there is any 
truth in the above suggestion, the collared cells in the adult sponge must 
be mainly respiratory and not digestive in function, while the epihlastic 
cells, which in most cases line the inhalent passages through its substance^, 
ought to be employed to absorb nutriment. The recent researches of 
Metschnikoff (No. 134) on this head shew that the nutriment is largely 
carried into the mesoblast cells, which in Sycandra appear to be derived 

^ That the greater part of the flat cells which line the passages of most Sponges 
are really derived from epihlastic invaginations appears to me to be proved by Schulze’s 
and Barrois’ observations on the young fixed stages of Halisarca. Schulze’s (No. 140) 
observations have however proved that the flat cells lining the axial gastric chamber 
of Sycandra are hypoblastic in origin, and the observations of Keller (No. 129) and 
Ganin (No. 124) have led to the same result for the flat epithelium lining part of the 
passages of the Silicispongise. 
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from the granular cells, and also that it is taken up by the cells which lim^ 
the passages, though not by the superfidal epiblast cells. \Vlu;tlu:r the 
collared cells generally absorb nutriment is not clear from his st:Uemeut.s ; 
but he finds that they do not do so in SUidspongke, 

Professor Schulze has informed me by letter that he llnds the collnred 
cells to be respiratory in function, while the cells derived front the g,ra,nul:ir 
cells in Sycandra arc nutritive. Carter^, on the contrary, from his obser - 
vations on Spongilla, has fully satisfied himself that the food i.s absorljod 
by the cells lining the ciliated chambers. 

If it is eventually proved by further experiments on the nutrition of 
sponges, that digestion is mainly caiTied on by the general cells lining the 
passages and the mesoblast cells, and not for the most part by the ciliated 
cells, it is clear that the epiblast, mesoblast and hypoblast of sponges will 
not correspond with the similarly named layers in the Coelenterata and other 
Metazoa. The invaginated hypoblast will he the respiratory layer and 
the epiblast and mesoblast the digestive and sensory layers ; the sensory 
function being probably mainly localized in the epithelium on the sur- 
face, and the digestive one in the epithelium lining the pa.ssages and in 
the mesoblast. Such a fundamental difference in the primary function of 
the germinal layers between the Spongida and the other Metazoa, would 
necessarily involve the creation of a special division of the Mettizoa for the 
reception of the former group. 
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CfELENTERATA 


Hydroidea, The most typical mode of development of the 
Hydroidea is that in which tlie segmentation leads tlirectly to 
the formation of a free ciliated two-kiycrcd larva, known since 
Dalyeli’s observations a,s a planula. 'I'he plamila is characteris- 
tic of almost all the Hytlromedusm with fixiai hydrosunurs 
including the Hydrocoralla (Stylasteridm and Millepora), the 
most important exceptions being the genus 'I’ubularia and one 
or two other genera, and the fresh-water Hydra. 

In a typical Sertularian the segmentation is approximately 
regular® and ends according to the usual accounts in the forma- 
tion of a solid spherical mass of cells. A process of tlelam illa- 
tion now takes place, which leads to the formation of a superficial 
layer of cubical or pyramidal cells, enclosing a central solid 
mass of more or less irregularly arranged cells. 

The embryo, in the cases in which it i.s still contained within 
the sporosack, now begins to exhibit slight changes of form, and 
II. HYDROZOA. 


1. Hydromedus09. 

2 . Siphonophora. 


i llydroidea, 
Trachymedusee. 
I Calycophoridm. 
(Physophoridte. 


3- Acraspeda, 
ir, ACTINOZOA. 

1. Alcyonaria. (Octocoraiia.) 

2 . Zoantharia. (Hexacoralla.) 

III. CTENOPHORA. 

2 For a detailed description of the development of a ■single species the rotuler 
referred to Allman’s description of Laomedia flexuosa. No. 149, p. 85 <•/ J«v/. 
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one extremity of it begins to elongate. It soon becomes free, 
and rapidly assumes an elongated cylindrical form, while a 
c(j<ating of cilia, by means of which it moves sluggishly about, 
appciU's on its outer surface. A central cavity appears in the 
interior, and the inner cells form themselves into a definite 
hypoblast. The larva has now become a planula, and consists of 
a closed sack with double walls. It continues for some few days 
to move about, but eventually drops its cilia, and becomes 
dilated at one extremity, by which it then becomes attached. 
The base of attachment becomes gradually enlarged so as to 
form a disc, which spreads out and is frequently divided by 
fissures into radiating lobes. The free extremity becomes en- 
larged to form the eventual calyx. 

Over the whole exterior a delicate pellicle — the future peri- 
sarc — now becomes secreted. Round the edge of the anterior 
enlargement a row of tentacles makes its appearance. These, in 
the embryos of the Tubularian genera, lie some little way behind 
the apex of the body. After a certain time the perisarc, which 
has hitherto been continuous, becomes ruptured in the region of 
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Fig. 68. TiiREE larva stages ok Eucope polystyla. (After Kowalevsky.) 

A. Blastosphere stage with hypoblast spheres becoming budded off into the 
central cavity. 

B. Planula stage with solid hypoblast. 

C. Planula stage with a gastric cavity. 

ep. epiblast; /^.hypoblast; rr/. gastric cavity. 

the calyx, and the tentacles become quite free. At about the 
.same period a mouth is formed at the oral apex. 
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The development of EuGope poly sty la (fig. 68), oik; ot tlie 
Campaniilaridai, deviates according to Kowalcvsky (No. .M7} in 
somewhat important points from the usual type. I he wliele 
development takes place after the deposition of the ovum. 'I he 
segmentation results in the formation of a single-walled blasto- 
sphere with a large central cavity (fig. 68 A). This c^lv^t^^ 
somewhat as in Ascetta, becomes filled up with a not clearly (.^) 
cellular material derived from the walls of the blastosphcre, 
which must be regarded as the hypoblast (fig. 68 B). The larva 
elongates and becomes ciliated, and the epiblast at its two 
extremities becomes thickened, and is stated by Kowalevsky 
also to become divided into two layers. The alimentary cavity 
appears as a slit in the middle of the hypoblast (fig. 68 C). The 
cilia after a time disappear, and the larva then becomes fixed by 
one extremity. It flattens itself out into a disc-like form, becomes 
divided into four lobes, and covered by a cuticle (perisarc), 
From the disc the stalk grows out which dilates at its free ex- 
tremity into the calyx. 

In both the groups (Tubularia and Hydra) which are exceptional in not 
having a ciliated planula stage, its absence may 
be put down to an abbreviation of the develop- 
ment, and in fact a two-layered quiescent stage, 
through which the embryo passes, may be 
regarded as representing the planula stage. 

The development of Tubularia, which has 
been described in detail by Ciamician, takes 
place in the gonophoreh The segmentation 
is irregular and leads to the formation of an 
epibolic gastrula, four large central cells con- 
stituting the hypoblast®. The larva now elon- 
gates, and grows out laterally into two pro- 
cesses which constitute the first pair of 
tentacles. At this stage it closely resembles 
the larvm of some Medusas. Additional ten- 
tacles are soon formed ; and a central cavity 
appears in the hypoblast, the cells of which 
have in the meantime become more numerous 
(fig. 69). The tentacles are directed towards 

^ Fide Ciamician, Zeit.f. wiss. Zooh, Bd. xxxii. 

® In examining the segmentation by means of sections I have failed to detect an 
epibolic gastrula or such irregularity as is described by Ciamician. Prof. Kleinenl)erg 

informs me that he has been equally unsuccessful. 





Fig. 69. LojsrGrn:i)iNAi. 

SECTION THROUGH, A EARVA OF 
TuBULARIAM.KSKMliRy’AH'l'HK- 
MUM WHILE STILL IN THE 
OONOPIIORE. The lower end 
is the oral one. 

ep. epiblast; hy. hypoblast 
of tentacle ; en, enteric cavity. 
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the nboral side, which is considerably more prominent than the oral one. 
'riiey contain a hypoblastic axis. The aboral end continues to grow and 
the tenta,(;lcs gradually assume a horizontal position. A constriction now 
ap))ear.s, dividing the larva into an aboral portion which will eventually form 
the stalk, and an oral portion. At the apex of the latter a toav of short 
tcntacle.s — the future oral tentacles — now appears. The larva has at this 
stage the form known as Actinula. In this condition it becomes hatched, 
and shortly afterwards it becomes fixed by the aboral end and grows into 
a colony. 

The development of Myriothela (Allman, No, 150) takes place on the 
Tubularian type. The ovum invested by a delicate capsule becomes freed 
by the rupture of the gonophore, and is then taken up by the remarkable 
claspers characteristic of the genus. In the claspers it becomes fecundated 
and undergoes its further development. After segmentation a gastric 
cavity is formed, and provisional tentacles arise as a series of conical 
involutions which subsequently become evoluted. Permanent tentacles are 
formed as conical papillae on a truncated oral process. After hatching it 
has a few days’ free existence, and then becomes attached, and loses its 
provisional tentacles. 

Although Hydra itself constitutes the simplest type of Hydrozoon, its 
development, which has been fully investigated by Kleinenberg (No. 161), is 
in some respects a little exceptional. The segmentation is regular, but a 
segmentation cavity is not formed. The peripheral layer of cells gradually 
becomes converted into a chitinous membrane, which is perhaps homologous 
with the perisarc of marine forms. Between the membrane and the germ a 
second pellicle makes its appearance. The above changes require about 
four days for their completion, but there next sets in a period of relative 
quiescence which lasts for some 6— 8 weeks. During this period the 
remaining development is completed. The cells of the germ first fuse 
together. In the interior of the protoplasm a clear excentric space arises, 
which gradually extends itself and forms the rudiment of the gastric cavity. 
The outer shell in the meantime becomes less firm, and is finally burst and 
thrown off, owing to the expansion of the embryo within. 

The outermost layer of the protoplasm becomes, relatively to the inner 
layer, clear and transparent, and there thus arises an indication of a division 
of the walls of the archenteric cavity into two zones, or layers. These layers, 
which form the epiblast and hypoblast, are definitely established on the 
appearance of cells with contractile tails^^ in the clear outer zone, between 
wdiich the interstitial epiblast cells subsequently arise. 

The embryo, still forming a closed double-walled sack, elongates itself, 
and at one pole its wall becomes very thin. And at this point a rupture 
takes place which gives rise to the mouth. Simultaneously with the mouth 
the tentacles become formed as hollow processes, according to Mereschkowsky 
two being formed first and subsequently the others in pairs. Very shortly 

^ These cells are the so-called nerve-muscle cells. Their nsiture is discussed in 
the second part of this work. 
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aftei'wards the hitherto uniform hypoblast becomes divided up into distinct 
cells. The thin inner pellicle which persists after the rupture of the outer 
membrane becomes in the meantime absorbed. With these changes the 
embryo practically acquires the characters of the adult. 

Trachymedusae. Amongst the Trachymedusm, which as 
has now been satisfactorily established develop directly without 
alternations of generations, the embryology of species both ol 
the Geryonidae and the .dEginidae has been studied. 

In all the types so far investigated the hypoblast is formed 
by delamination, and there is a more or less well-marked planula 
stage. 

The development of Geryonia (Carmarina) hastata has been 
studied by Fol (No. 155) and Metschnikoff (No. 163)^ The 
ovum, when laid, is invested by a delicate vitelline membrane 
and mucous covering. Its protoplasm is formed of an outer 
granular and dense layer, and a central mass of a more spongy 
character. The segmentation is complete and regular, and up 
to the time when thirty-two segments 
have appeared each segment is composed 
of both constituents of the protoplasm 
of the ovum. A segmentation cavity 
appears when sixteen segments are 
formed, and becomes somewhat larger at 
the stage with thirty-two. At this stage 
the process of delamination commences. 

Each of the thirty-two segments, as 
shewn in the accompanying diagram 
(fig. 70), becomes divided into two unequal 
parts. The smaller of these is formed 
almost entirely of granular’ material ; 
the larger contains portions of both 
kinds of protoplasm. In the next seg- 
mentation the thirty-two large cells only 
are concerned, and in each of these the line of division passc.s 
between the granular and the transparent protoplasm. The 
sixty-four lenticular masses of granular protoplasm thus formed 
constitute an outer closed epiblastic vesicle, within which the 

^ In the succeeding account I have followed Fol, who differs in some nr’nor points 
from Metschnikoff. 



Fig. 70, Diagramm.v- 

TIC IGGirKF, SIIKWING TIIK 
DELAMIXATION OK TIIIC 
OVUM OK Geryonia, 
(Copied from Fol.) 

cs. segmentation cavity; 
tf. endoplasm ; i>. ectoplasm. 
The dotted lines shew the 
course of the ne.xt planes of 
division. 
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thirty-two masses of transparent protoplasm form an liypoblastic 
vesicle. The embryo at this stage is shewn in optical section in 
fig. 71, 

The epiblastic vesicle now grows rapidly, while the hypo- 
blastic vesicle remains nearly passive and becomes somewhat 
lens-shaped. At one point its wall comes in close contact with 
the epiblast. Elsewhere a wide cavity is developed between the 
two vesicles which becomes filled with gelatinous tissue. At this 
period cilia appear on the surface, and the laiwa becomes a planula. 

The succeeding changes lead rapidly to the formation of a 
typical Medusa. Where the epiblast and 
hypoblast are in contact the former layer 
becomes thickened and forms a disc-shaped 
structure. The centre of this becomes 
somewhat protuberant, fuses with the hy- 
poblast and then becomes perforated to 
form the mouth (fig. 72 0). The edge of 
the disc forms a thickened ridge, the 
rudiment of the velum (v), which is en- 
tirely formed of epiblast. At its edge six 
tentacles {t) arise, into which are con- 
tinued solid prolongations of the wall of the now somewhat 
hexagonal gastric chamber. The liypoblastic axes of the tenta- 
cles soon lose their connection with the gastric wall. 

Up to this time the larva 
has retained a more or less 

spherical form, and the cavity I 

on the under side of the 
umbrella has not yet become 
developed. The latter now 
becomes established by the 
whole disc assuming a vault- 
ed form with the concavity 
directed downwards. The 
lining of the cavity so formed 
is derived from the epiblast 
of the disc already spoken of. 

The exact mode of formation of the gastrovascular canals has not been 
worked out. It has however been established by the researches of the 


Fig, 71. Embryo of 
Geryonia after pelami- 
NATION. (After Fol.) 

ep. epiblast; hy. hypo- 
blast. 


/A 


Fig. 72. Optical section through 

THE ORAL l‘OLE OF GeRYONIA AFTER THE 
APPEARANCE OF THE GEI.ATINOUS TISSUE 
OF THE DISC. (After Fol.) 

0. mouth ; v, velum ; t. tentacle. 

The shaded part represents the gelati- 
nous tissue. 
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Hertvvigs (No. 146) and Claus (No. 1.^3) that the radial and circular vessels 
of this system are connected together in adult Medusa: by an hypoblastic 
lamella j so that these canals would seem to be the remnants of an onec- 
continuous gastric cavity. This mode of formation is e-stablislied in the case 
of the niedusiform buds; and it would therefore .seem, as pointed out l)y tln^ 
Hertwigs, a fair deduction that it occurs in the larva- -a conclusion which is 
confirmed by the primitive extension of the ga.stric cavity to the edge of the 
disc at the time when its walls give rise to the solid axes of the tentacles. In 
the course of the subsequent retirement of the gastric cavity from the edge of 
the disc the gastrovascular canals probably take their origin, though Fol was 
unable to follow the changes which result in their formation. 

On the completion of the above changes the larva has become 
a fully formed Medusa, but it undergoes a not inconsiderable 
metamorphosis before the attainment of the adult state. 

Two species of vEginidae have been studied by Metschnikoff 
(163), viT., Polyxenia leucostyla (ySgineta flavesceus), and Aigi- 
iiopsis mediterranea. In both of these forms the scgniciitation 



Fig. 73 . A three-days’ larva of dJcmopsis with two tentacles. 
(After Metschnikoff.) 
m. mouth; t, tentacle. 


results in the formation of an elongated two-layered ciliated 
planula, without a central cavity. The two ends of this grow 
out into two long proces.ses— the rudiments of a pair of at first 
aborally directed arms-which contain a solid hypobla.stic axis 
^g. 73 ).^ At this stage the larva closely resembles the larva of 
Tubulana. An alimentary cavity is hollowed out in the centre 
of the hpoblast which soon opens by a wide oral aperture 

shorter than the original pair; with their formation a radial 
symmetry is acquired. Sense-organs become at the .same thne 
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developed, and the whole embryo assumes a medusiform character. 
Fresh tentacles arise, the velum and cavity of the umbrella become 
established, but these changes do not involve any points of very 
special interest. 

Siphonophora. The development of the Siphonophora has 
been the subject of careful investigation by Haeckel (158) and 
MetschnikofF (163). The ova are large and usually (except 
liippopodius) without a membrane. 

They are formed of a peripheral denser layer of protoplasm 
and a central spongy mass. They usually undergo their entire 
development in the water. In some instances they have been 
successfully reared by artificial impregnation. 

As an example of the Calycophoridae I shall take Epibulia 
aurantiaca, a form allied to Diphyes, the development of which 
has been studied by MetschnikofF\ 


Fig. 74. Three larval stages of Epibulia aurantiaca. (After Metschnikoff.) 
A. Planula stage. 

13. Six-days’ larva with nectocalyx {izc) and tentacle {t). 

C. Somewhat older larva with gastric cavity. 

ej>. epiblast; hy. hypoblast j so. somatocyst; w. nectocalyx; t. tentacle; c, large 
yolk cells ; yio, polypite. 

^ In iny description of the development of the Siphonophora I employ Huxley’s 
terminology. 
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formation of a segmentation cavity. At its close the ovum 
becomes a spherical ciliated embryo. This embryo soon becomes 
elongated, and its cells differentiate themselves into a central 
and a peripheral layer — the epiblast and the hypoblast (fig. 74 A). 
At this stage the lar ' 
is especially thickened at 


.‘va has the typical planula form. The epiblast 
pole, which may be called the oral 
pole, and towards the side of this, which will be spoken of as 
the ventral side. Adjoining this thickened layer of epiblast a 
special thin layer of hypoblast becomes differentiated, which in 
opposition to the main mass of large nutritive cells forms the 
true hypoblastic epithelium 
(fig. 74 B, %/). On this 
thickening two prominences 
make their appearance (fig. 

74 B). The oral of these 
is the rudiment of a ten- 
tacle and the aboral of 
a nectocalyx {nc). 

The former of these 
elongates itself in succeed- 
ing stages into a process of 
both epiblast and hypoblast. 

The central part of the 

nectocalyx on the other hand 

appears to originate from a 
riiickening of the epiblast 
in which the cavity of the 
bell becomes subsequently 
hollowed out. Between 
this part and the external 
epiblast which gives origin 
to the outermost layer of 
the nectocalyx a la; 
hypoblast is inter 
When the nectocaly 
become to a certain f 
established a cavitj 
commencement of 


advanced larva of Epi- 

CALYX. (Af?el'Me1sSoT^^^ 

imperfectly cle- 

JoISfe “rSSiS A. 
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primitive gastrovascular cavity of the adult — appears in the 
general hypoblast between the epithelial and nutritive layers in 
the immediate neighbourhood of its attachment. This cavity 
becomes prolonged into the nectocalyx to form the four gastro- 
vascular canals; while the hypoblast at the upper end of the 
nectocalyx forms the somatocyst (%. 74 C, The primitive 
enteric cavity once formed rapidly extends, especially in an oral 
direction (fig. 74 C), and forms a widish cavity in the oral part of 
the embryo. At the pole of this part (fig. 7A.,po) is eventually 
formed the opening of the mouth, and the contained cavity 
becomes in a special sense the gastric cavity. This region of the 
embryo may be spoken of as the polypite. The nectocalyx 
grows, with great rapidity and soon forms by far the most 
prominent part of the larva (fig. 75). The true gastric region or 
polypite (fig. continues also to grow, and a mouth becomes 

formed at its extremity. The aboral end of the original body of 
the embryo gradually atrophies. 



Fig. 76. Two stages in the development of Stephanomia pictum. 

{After Metsclinilioff.) 

A. Stage after the delamination, ep. epiblastic invagination to form pneuma- 
tocyst. 

B. Later stage after the formation of the gastric cavity in the solid hypoblast, 
po. polypite; t. tentacle; pp. pneumatophore ; ep. epiblastic invagination to form 
pneumatocyst ; hypoblast surrounding pneumatocyst. 

At the junction of the nectocalyx and polypite the coenosarc 
becomes formed, and rudiments of a second nectocalyx (nc) and 
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second polypite early become visible; while a hyclrophylliiini is 
formed as a bud which covers over the first polypite and lenlacle 
{hph). With the development of the hydrophyllimn the first 
segment, if the term may so be used, is complete. 'I'he second 
segment of which a rudiment is already i)resont as a second 
polypite is intercalated between the fir.st segment ami tin; neeto- 
calyces. 

Amongst the Physophoridse there is a considerable range of 
variation in development ; though the variations concern for the 
most part not very important points. The simplest typo hitherto 
observed is that of Stephanoniia (Halistcmma) pictuni. The 
segmentation and formation of a two-layered planula (fig. 76) 
take place in the usual way. Between the solid central mass of 
nutritive hypoblast cells and the epiblast an epithelial hypoblastic 
layer becomes interposed which undergoes a .special thickening 
at the aboral pole. At this pole a .solid involution of epiblast: 
next becomes formed, to which a layer of hypoblast becomes 
applied. The structure so formed is the rudiment of the pneuma- 
tocyst [ef). In the next stage the air-cavity of the pncuniatocy.st 
becomes established within the epiblast. 

The gastrovascular cavity is formed in the midst of the 
nutritive hypoblast cells, which then become rapidly absorbed 
leaving the gastrovascular cavity entirely enclosed by the epi- 
thelial layer of hypoblast (fig, 76 B). 

By the above changes the more important orgfuis of the larva 
have become established. The one end forms the pneumatophoro, 
and the other, the oral part, the polypite. Between the tw(,-) there 
is already present the rudiment of a tentacle, and a second tenta- 
cle soon becomes formed. The mouth arises as a perforation at 
the oral end of the larva. 

The pneumatophore contains a prolongation of the gastro- 
vascular cavity, the fluid in which bathes the outer hypoblastic 
wall of the pncumatocyst. It has however no communication 
with the enclosed cavity of the pncumatocyst. In the later 
developmental stages the size of the pneumatophore becomes 
immensely reduced in comparison with the remainder of the 
larva. 

The development of Physophora agrees closely with that of Stephanomia 
except in one somewhat important point, viz. in the development of a 
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provisional hydrophyllium. This arises as a prominence at the aboral pole, 
* containing’ a prolongation of the gastrovascular cavity. Between the epiblast 

and hypoblast of the prominence gelatinous tissue becomes deposited, and 
the hydrophyllium is thus converted into a large umbrella-like organ enclosing 
the polypite. The two together have a close resemblance to an ordinary 
Medusa, the polypite forming the manubrium, and the hydrophyllium the 
umbrella. The hydi-ophyllium is eventually thrown off. 

An iinportant type of Physophorid development is exemplified in Crystal- 
loides, a genus closely allied to Agalma. In this type the greater part of the 
original ovum, instead of directly giving rise to the polypite, becomes a kind 
of yolk-sack, from which the polypite is secondarily budded (fig. 77, yk\ 
Agalma sarsii is in this respect intermediate between Crystalloides and 
Physophora. Both these types are remarkable for developing a series of 
provisional hydrophyllia (fig. 77, In both genera the first of these 

develops as in Physophora, and for a long time is the only one functional. 

The conclusions to be drawn from the above description may- 
be summed up as follows. In all the Siphonophora, so far 
observed, the starting-point for further development is a typical 
ciliated two-layered planula. The inner layer or hy^poblast is 
mainly formed of large nutritive cells. From these cells an 
epithelial hypoblastic layer becomes secondarily differentiated, 
the exact relations of which differ somewhat in the various 
types. The nutritive cells themselves do not appear to become 
directly converted into the permanent hypoblastic tissues. The 
development of the adult from the planula commences by the 
thickening of the epiblastic layer, usually at one pole (the future 
proximal or aboral pole), and the formation at this pole of a 
series of bud-like structures (in the growth of which both 
embryonic layers have a share), which become converted into 
the hydrophyllia, nectocalyces etc. The main oral part of the 
planula becomes generally converted into the polypite, though 
in some instances (Crystalloides) it remains as a yolk-sack, and 
only secondarily gives rise to a polypite. 

Two very different views have been taken as to the nature of 
the various component parts of the Siphonophora, and the 
embryological evidence has been appealed to by both sides in 
confirmation of their views. By Huxley and Metschnikoff the 
various parts — nectocalyces, hydrophyllia, hydrocysts, polypites, 
^ generative gonophores etc. are regarded as simple organs, while 

by Leuckart, Haeckel, Claus etc. they are regarded as so many 
different individuals forming a compound stock. The difference 
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between these two views is not merely as to the definition of an 
individnalb The question really is, arc these jiarts ori<>ina,lly 
derived by the modification 
of complete zooids like the 
gonophores and trophosomes 
of the fixed I lydrozoa stocks, 
or are they structures derived 
from the modification of the 
tentacles or some other parts 
of a single zooid ? 

The difficulty of deciding 
this iDoint on embryological 
evidence depends on the fact 
that ontologically a tentacle 
and a true bud arise in the 
same way, viz. as papilliform 
outgrowths containing pro- 
longations of both the primi- 
tive germinal layers. The 
balance of evidence is never- 
theless in my opinion in 
favour of regarding the Si- 
phonophora as compound stocks, and the views of Claus on thi.*- 
subject {Zoohgie, p. 271) appear to me the niost satisfac.lf)ry. 


Fro. 77. Larva UK ( 'rvstau.oiuks. 
(After IlReckel.) 

h.ph. liydrophylliuiii ; h, hytlroeysl ; /, 
tentacle ; ■£(>. piunimalopliore ; po. pdlypitt* ; 
yk. yolk'Sack, 


The most primitive condition is probably that like I'liysophoiti in an 
early stage with an hydrophyllium enclosing a polypite (cf. Haeckel and 
Metschnikoff). In this condition the whole larva may be coinparod to a 
single Medusa in which the primitive hydrophyllium represents the tnultrcila 
of the Medusa, and the polypite the manubrium. Tin; itmtaele which 
appears so early is probably not to be regarded as a rnodiiied zottid, l>ut as 
a true tentacle. The absence of a ring of tentacles is correlated with the 
bilateral symmetry of the Siphonophora. 

The primitive zooid of a Siphonophora stock is ihins a M edu.sa. l.,ike 
Sarsia and Wilsia this Medusa must be supposed to have been capable of 
budding. The ordinary nectocalyces by their resemblance to the umbrellas 
of typical Medusm are clearly such buds of the inedusiforin type. Tlie same 
may be said of the pneumatophore, which, as pointed out by Metschnikoff, 
is identical in its development with a nectocalyx. Both are formed by a 

1 From the expressions used by Huxley, Anatomy of Invoftc.b rated Animals, 
p. 149, it appears to me possible that his opposition to Lcuckarl’s view is mainly as to 

the nature of the individual. 
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solid process of epiblast in which a cavity — the cavity of the nectocalyx or 
pneumatocyst — is eventually hollowed out. Around this there appears a 
double layer of hypoblast containing a prolongation of the gastrovascular 
cavity ; and this is in its turn enclosed by a layer of epiblast which forms the 
covering of the convex surface of the nectocalyx and the external epiblast of 
the pneumatophore. 

The generative gonophores are cleaidy also zooids, and the hydropliyllia 
are probably a rudimentary form of umbrella. In many cases (Epibulia, 
Stephanomia, Halisterama etc.) the hydrophyllium of the primitive polypite 
(manubrium) is absent. In such instances it is necessary to suppose that 
the umbrella of the primitive zooid of the whole colony has become aborted. 
Leuckart originally took a somewhat different view from the above in that 
he regarded the starting-point of the Siphonophora to be a compound fixed 
Hydrozoon stock, which became detached and free-swimming. 

Acraspeda\ The embryonic development of several of the 
forms of the Acraspeda has been investigated by Kowalevsky 
(No. 147) and Claus (No. 153). Their observations seem to 
point to an invaginate gastrula being characteristic of this group. 

Amongst the forms with alternations of generations and a 
fixed larval form Chrysaora and Cassiopea have been most fully 
investigated. The ovum of the former undergoes the first embry- 
onic phases while still in the ovary. In the latter it is enclosed 
amongst the oral processes. A complete and more or less 
regular segmentation lead.s to the formation of a single-walled 
blastosphere with a small segmentation cavity. The wall of .the 
blastosphere next becomes invaginated, giving rise to an arch- 
enteron (fig. 78 A). The blastopore soon closes up, and the 
archenteron is converted into a closed sack completely isolated 
from the epiblast (fig. 78 B). The surface of the larva becomes 
in the meantime covered with cilia. The free larval stage thus 
reached is similar to the ordinary Hydrozoon planula. After 
the closure of the blastopore the larva becomes elongated, and 
one end becomes narrowed. By this narrowed extremity the 
larva soon attaches itself, and at the opposite and broader end a 
fresh involution of the epiblast appears (fig. 78 C); this gives 
rise to the stomodaeum, which is placed in communication with 
the archenteron on the absorption of the septum dividing them. 
The relation of the stomodaeum to the original blastopore has 
not been determined. 

‘ I use this term for the group, often known as the Discophora, which includes the 
Pelagidffi, Rhizostomida;, and LucernaridiB. 
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At the point of attachment there is dcvclopcrd a poculiar 
pedal disc, and around the mouth there appears a foKl of t;pil)last 
which gives rise to an oral disc (fig. 78 D). Two ttmlaclos first 
make their appearance, but one of the.se Is priinaril}- tmuA (ho 
largest, though eventually the second overtakes it in its growl li. 


Fie. 78. Four stages in the devki-oi’MENt or Chrvsauua. ( Alu-r ( 'l.tiT,.) 

A. Gastruk stage. 

B. Stage after closure of blastopore, 

C. Fixed larva with commencing stomodminu. 

D. Fixed larva with mouth, short tentacles, etc. 

ep. epiblasl; /y.'. hypoblast ; d. stomocUvum; w. mouth; hi. bl.'istopore. 


A second pair of tentacles next becomes formed, giving to the 
larva a 4-radial symmetry. Between the.se four now UuUacles 
subsequently sprout out, and in the intermediate planes fnur 
ridge-like thickenings of the hypoblast, projecting into the cavity 
of the stomach, make their appearance. They imperfectly divide 
the stomach into four chambers, to each of which one of llie 
primary tentacles corresponds; they may be regarded as homo- 
logous with the mesenteries of the Actinozoa. The number of 
tentacles goes on increasing somewhat irregularly up to sixteen. 
All the tentacles contain a solid hypoblastic axis. Muscular 
elements are developed from the epibla.st. 

With the above changes the so-called Hydra tuba or Scyphi- 
stoma form is reached (vide fig. 85). The peculiar strobilization 
of this form is dealt with in the section devoted to the meta- 
morphosis. 
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Aurelia is stated lay Kowalevsky to develop in the same way as Cassiopea; 
and the one stage of Rhizostoma observed is that in which it has a (probably 
invaginate) gastrula form. 

In Pelagia the ovum directly gives rise to a form like tbe parent. The 
segmentation and the invagination take place nearly as in Cassiopea, but the 
archenteric cavity is relatively much smaller, and the large space between it 
and the epiblast becomes filled with the gelatinous tissue which forms the 
umbrella. The blastopore does not appear to close but to become dii'ectly 
converted into the mouth. As in Cassiopea the larva takes a somewhat 
four-sided pyramidal form. The mouth is placed at the base. The pyramid 
becomes subsequently flatter, and at the four comers four tentacles grow out 
which increase to eight by division. The flattening continues till the larva 
reaches a form hardly to be distinguished from the Ephyi'a resulting from 
the strobilization of the fixed Scyphistoma form of other Acraspeda. 

Alcyonidse. In the Alcyonidae the segmentation appears 
always to lead to the formation of a solid morula, which becomes 
a planiila by delamination. The true enteric cavity is formed 
by an absorption of the central cells, but the axial portion of the 
gastric cavity and mouth are formed by an epiblastic invagi- 
nation. 

'fhe development of these types has been mainly studied by Kowalevsky 
(147), and my knowledge of his results is derived from German abstracts of 
the original Russian memoirs. 

In Alcyonitmi palmatum the impregnation is external. The segmenta- 
tion is very exceptional in character. It commences wuth the formation of a 
series of irregular prominences on the surface of the ovum, which become 
segmented off to form a superficial layer of epiblast cells. The inner mass 
of protoplasm then divides up into polygonal cells to form the hypoblast, 
which would thus seem to be formed by a kind of delamination. In Clavu- 
laria crassa (No, 168) there is a complete segmentation followed by a 
delamination. The larva of AL palmaUtm elongates and becomes ciliated, 
and so assumes the characters of a typical planula. The central hypoblast 
is formed of an outer granular stratum with imperfectly differentiated cells 
—the true hypoblast — and an inner homogeneous mass with vacuoles. 

Some of the larvae become fixed, while others coalesce together and 
form a large mass, the fate of which has not been further studied. An 
invagination of epiblast takes place at the free end of the fixed larva, which 
gives rise to the so-called gastric cavity, Le. the axial portion of the general 
enteric cavity, which would appear to be in reality a kind of stomodmum. 
Around the gastric cavity the hypoblast forms eight mesenteries, the 
chambers between which are filled with the homogeneous material which 
occupied the centre of the ovum in the previous stage. It is to be 
presumed, though not stated, that by an absorption of the blind end 
of the stomodmal invagination the gastric chamber is placed in free 
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communication with the spaces between the mesentcriosh ] )iirinK ilic next 
stage the young Alcyonium also acquires eight tentacles, whic.h arise as 
hollow papillm opening into the eight mesenteric chamlK!rs. I’.y lliis siagt; 
also the matter filling up the mesenteric chambers is nearly ahscn-bcil. 

Between the epiblast and hypoblast there is formed aj\ luumu'etustus 
membrane, which penetrates in between the two laym's of hypoblast 
which form the mesenteries. On the outer .side <if this membrane, and 
therefore presumably derived from the epiblast, is a layer ol" eouneetive.- 
tissue cells, which eventually gives rise to the almndant gelatiium.s tissue 
(ccencnchyma) in which the skeletal elements are deposited. In Syntfiodiian 
coralloides Kowalevsky (No. Ififi) has shewn still more completel)' the tleriva- 
tion of the stellate mesoblast cells from the epiblast. lie finds that the 
calcareous spicula develop in these cells as in the mesoblast cells of 
sponges. The branched gastrovascular canals in this lis.sue arc out- 
growths of the primitive enteric cavity. A layer of circular muscles is 
formed at a late period from the epiblast, but the longitudinal musedes of 
the mesenteries on the inner side of the homogeneous inumlrrane are 
regarded by Kowalevsky as hypoblastic. 

A ciliated plauula with delaminated hypoblast is also found in (iorgonia 
and Corallium rnhrum. In the former genus ar tlie time wlu'u flu; iurva, 
becomes fixed, the hypoblast is formed of two strata, an outer one of 
columnar cells, and an inner one of round <-iliatcd cells lining; a centi'ul 
enteric cavity. The inner layer is believed by Kowalevsky to becuine 
eventually absorbed and to be homologous with the imior g.rauular mass of 
Alcyonium. 

Zoantharia. Amongst the Zoantliaria several feu'in.s iiave 
been investigated by Kowalevsky (147) and I.tuanu; Utilhiors 
(170), of which some are .stated by the funner .'lutluir to pa-ss 
through an invaginatc gastrula stage, while in ulher insttinces 
the hypoblast i.s probtibly formed by delamin.aliun. 

To the first group belongs an edible form Sea Aneni(»ne 
found near Messina, Cerianthus, and perhap.s also Ciaryophydiinm. 
In the first of these segmentation results in the formal inn of a 
blastospherc. A normal invagination obliterating- tlu; .segmenta- 
tion cavity then ensues, and the blastopore narrows t(t form the 
mouth. The borders of the mouth bend inwanls ami .so give 
rise to the gastric cavity (stomodaeum) which as i,n the Alcyonidm* 
is lined by epiblast. Simultaneously with the furmati<jn (,)f the 
mouth there appear the two first mesenteries. 

In Cerianthus the segmentation is unequal, the early stages are the 
same as in the Actinia just described, but the hypoblast cells give rise 

1 The German abstract is very obscure as to the fonualitm of tin; minilii. 



C<liLB:NTERATA. 


169 


Lf) a iniiHs of fatty material filling up the enteric cavity, which becomes 
eventually al).sorb(!d. 

In the majority of the Zoaiitharia so far investigated, includ- 
ing' sptjcies of yXetinia, Sagartia, Biinodes, Astroicles, Astea, the 
.st;gnu;ntation, which is often iinequaP and not accompanied by 
the formation (jf a .segmentation cavity, results in a solid two- 
layered ciliated planula. In these forms the impregnation takes 
place in the ovary, and the early stages of development are 
passed through in the maternal tissues. 

One end of the planula becomes somewhat oval and develops 
a special bunch of cilia. At the other end a shallow depression 
appears, which becomes deeper and forms an involution lined by 
epiblast. This involution is the stomodaeum, and becomes the 
so-called gastric cavity. The true enteric cavity lined by hypo- 
blast is for some time filled with yolk material. The larva 
always swims with the aboral end directed forwards. 

Between the two embryonic layers a homogeneous membrane 
is formed, similar to that already described in the AlcyoniclcE. 

The further development of the larvie especially concerns the formation 
of mesenteries, tentacles and calcareous skeleton. With reference to this sub- 
ject the observations of Lacaze Duthiers are especially valuable and striking. 

In the adult it is usually possible to recognise in the tentacles a 
symmetry of si.N:. There are six primary tentacles, six secondary, twelve 
tertiary, twenty-four quaternary, etc. In the hard septa of the skeleton 
the same law is followed up to the third cycle, but beyond that, in the 
cases where the point can be vei'ified, thei-e appear to be only twelve septa 
in each additional cycle. The observations of Lacaze Duthiers have shewn 
that this symmetry is only secondarily acquired and does not in the least 
correspond with the succession of the pai'ts in development. 

His observations were conducted on three species of Zoantharia without 
a skeleton, viz. Actinia mesembryanthemum, Sagartia, and Bunodes geni- 
macea ; while Astroides calycularis served as the type for his investiga- 
tions on the corallum. It wall be convenient to commence with his 
results on Actinia mesembryanthemum which served as his type. 

The free cylindrical embryo, with the aboral end directed forwards in 
swimming, first becomes somewhat flattened and the mouth elongated. A 
bilateral symmetry is thus brought about. Two mesenteries now make 
their appearance transversely to the long axis of the mouth, which divide 
the enteric cavity into two U7ieq7ial chambers. The mesenteries consist of 
a fold of hypoblast with a prolongation of the epiblast between the two 

1 I have this on the authority of Kleinenberg. The existence of an unequal 
segmentation probably indicates an epibolic gastrula. 


170 


ZOANTHARIA. 


limbs of the fold. The larger chamber next becomes divided ])y two fresh 
mesenteries into three, and a similar division then takes place in the smaller 
chamber. The stage with six chambers is almost immecliat<;ly sw'ctaulcd 
by one with eight, owing to the appearance of two frc.sh inc.senterics in the 
second-formed set of chambers. At the stage with eight chainber.s there is a 
marked period of repose. The number of chambers is increased to leu by 
the division of the third-formed set of chambers, and to twelve by Uu' 
division of the fourth-formed set. It will be observed that the numbcM’ ol 
the chambers increases in arithmetical progression by the continual adiUtiun 
of two, alternately cut off from the primitive large and small tdiambers. 
The freshly formed chambers are always formed immediately on one .side of 
the primitive mesenteries. The stages with six and ten are of very .short 
duration. The two primitive chambers are necessarily at the ends of the 
long axis of the mouth. After the division of the enteric cavity into twelve 
chambers, these chambers become about equal in size, and the formation of 
the tentacles commences. The law regulating the appearance of the 
tentacles is nearly the same as that for the mesenteries, but i.s not (]iiite .so 
precise. One tentacle makes its appearance for each chamber. 'I’ln' nio.st 
remarkable feature in the appearance of the tentacles i.s due to (he* fact that 
the tentacle surmounting the primitive largest (;hainl)er arises before any 
of the others, and long retains its supremacy (lig. So A). 'I'his fact, coupled 
with the inequality of the two primitive chambers, su]>plies .some grounds 
for speculating on a possible descent of the Cadeuterata from bilaterally 
symmetrical forms with dis- 
tinctly differentiated dorsal and 
ventral surfaces. The supre- 
macy of the first- formed tentacle 
is not confined to the Actinozoa, 
but as has already been indi- 
cated, is also found in the Scy- 
phistoma (p, i66) of the Acras- 
peda. 

After the twelve tentacles 
have become established they 
become secondarily divided into 
two cycles of six respectively 
larger and smaller tentacles, 
which alternate with each other. 

The two tentacles pertaining to 
the two original chambers be- 
long to the cycle of larger ten- 
tacles. The mesenteric fila- 
ments appear first of all on the 
primary pair of septa. The 
increase in the number of ten- 
tacles and chambers from 12 to 24 has been found to take place in u very 



FlO. 80. Two STAORS IN THR 1 iKvm.nl'- 
MENT OR - Actinia MESJCMlSkYANTIIKMI'M. 
(After Laca/.e l>iuhiers.) 

In the younger ciliated embryo A, viewed 
from the .side, only one tentacle i.s developed. 
m. mouth. 

The older larva is viewed from the face 
when 24 tentacle.s have just Imconit; est.abli.sherl. 
The letters shew the true order of .succession of 
the tentacles ; but e and/are transposed. 



CCELENTEKATA. 


__ 

luiuuLiIjic .iml uncxpocted way. The hiw is expressed by Lacaze Duthiers 
as loiiovvh. .Uic appearance of the new chambers is not, as has been 
c,heve( , a amscquence of the production of a single chamber between each 
the iwdve already existing chambers, but of the birth of two new 
elements (chambers) of the smaller cycle.” The 
•S I . o^ us ,iw is that a pair of tentacles of the third cycle is placed in 
•dn.’L a large and a small tentacle, of the two 

1 which may conveniently be called the first and 

second cycles (lig. cSo IJ). 

The tuent}>'-fc)ur tentacles formed in the above manner are obviously at 
irs 'veiy incgularly arranged (fig. 8o B), but they soon acquire a regular 
an-angement m three graduated cycles of 6, 6 and la. The fiL cycle oft^ 

other previous stage, but the two 

heterogeneous in their origin, each of them being composed 
par ly of the twelve tentacles last formed, and partly of the six tentacles 
ot the second cycle of the previous stage. 

n multiplication has been thus expressed by Lacaze 

...uthieis: The number of chambers and still later that of the corre- 

qjonchng tentacles IS carried from 24—48 and from 48—96 by the birth of 
a pan of elements m each of the 12 or 24 chambers, above which are placed 
the smallest tentzmles which together constitute the fourth or fifth cycle, 
hmee, after the formation of each fresh cycle, the arrangement of the 
tentacles again becomes symmetrical, it is obvious that all the equal sized 
cycles except the first are formed of tentacles entirely heterogeneous as to 
age.” 


The fixation of the free swimming larva takes place during the period 
when the tentacles are inci’easing from 12 to 24. 

The general formation of the chambers in Bunodes and Sagartia is 
nearly the same as in Actinia. 

In the two types of Actinozoa with an embolic gastrula stage the laws 
as to the formation of the tentacles do not appear to be the same as those 
regulating the forms observed by Lacaze Duthiers. 

In Cerianthus four tentacles are formed simultaneously at the period 
when only four chambers are present. In Arachnitis (Edwarsia) the suc- 
cession of the tentacles is stated (A. Agassiz, 166 ) to resemble that in 
Lenanthus. There are originally four tentacles, and at one extremity of the 
ong axis of the mouth are the oldest tentacles, while at the other tentacles 
are constantly added in pairs. An odd tentacle is always found at the 
extremity of the mouth opposite the oldest tentacles. 

In the other species with an embolic gastrula eight tentacles would seem 
to appear simultaneously at the period when eight chambers are present: 
though on this point Kowalevsky’s description is not very clear. The 
presence of such a stage would seem to indicate a close affinity to the 
Alcyomdm. 

Amongst the sclerodermatous Actinozoa, except Caryophyllium, the 
smbryo closely resembles that of the delaminate Malacodermata. The first 
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stages occur in the ovary, and the larva is dehisced into the body cavity as 
a two-layered ciliated planula. 

The laws affecting the formation of the first twelve tentacles and .si-pta 
appear to be nearly the same as for the Malacodcnnata, 'I'he hard jiart;; 
begin as a rule to be formed when twelve tentacles have appeared, at which 
period also the fixation of the larva takes place. On fixation the larva, 
becomes very much flattened. 

The first parts of the corallum to appear are twelve of the septa, which 
arise simultaneously in folds of the enteric wall in the chambers A'/avvv/ 
the mesenteries^ and correspond therefore with the tentacles and not, as 
might be supposed, with the mesenteries. Each septum is formed by the 
coalescence of three calcareous plates which originate in separate centres of 
calcification. The concrescence of the three produces a Y-shaped plate 
with the single limb directed inwards and the two limbs outwards (fig. 8i). 
The theca does not arise till after the septa have become formed, and is at 
first a somewhat membranous cup quite distinct from the septa. The 
columella is formed still later by the coalescence of a series iif nodules whicdi 
are formed in a central axis enclosed by the inner ends of the septa. 

After the formation of the theca the 
septa become divided into two cycles by 
the predominant growth of six of them. 

On the coalescence of the septa with the 
theca the space between the two limbs of 
the Y becomes filled up with calcareous 
tissue. The law of the formation of the 
third cycle of septa (12 — 24) has not been 
worked out, so that it is not possible to 
state whether it follows the peculiar prin- 
ciples regulating the growth of the tentacles. 

The whole of the skeletal parts occupy 
a position between the epiblast and hypo- 
blast, and are exactly homologous in this 
respect with the skeleton of the Alcyonidie. 

By Lacaze Duthiers they are however be- 
lieved to originate in the hypoblast, but 
from the observations of Kowalevsky there 
can be little doubt that they arise in the 
connective tissue between the two embiy- 
onic layers which is probably epiblastic in 
origin. 

A peculiar larva, probably belonging to the Actinozoa, has been dcscrilxxl 
by Semperb It has an elongated form and is provided with a longitudinal 
ridge of cilia. There is a mouth at one end of the body and ai/anus at 
the opposite extremity. The mouth leads into an ccsophagus, which oi)en,s 

^ “ Ueb, ciuige Iropische Larven-formeii.” y,eit,f. tms. ZooL, vol. x vii. iKb;. 



iMt;. ,S(. LakvaoI' 
CAI,Yt:iJI,AliIS SUOUTUV Al-'l'r.K I'r 
HAS uw;i)MK A'l'l'ACUI',11. (Ailev 
I,iicaze Duthiers.) 

'fhe ligiire shew.s the (ievi'ldji- 
ment of the Y-sIuiped septa in the 
intervals between the me.senteries. 
The position of the latter is in- 
dicated by the faint slniding. 'riu; 
theca has Ijecouic develnpeil e.\- 
ternatly. 
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fnu'ly inio ;i si(»iiKi.rh with six mesenteries. In the skin are numerous thread- 
ed!-;. mesulroelm! worm-like larva, also provided with thread-cells, and 
found at tile lime, was conjectured by Semper to be a young-er form of 
thi.s liirvcu 

Cteiioptiora. I he ovtiin of the Ctcnophora {.s formed of an 
outer ;,;'i‘;tiiii].ir proloplamntc and an inner .-spongy mass with 
fitly .spluiniles. It is enveloped in a delicate vesicle, the diame- 
ter of which is very much greater than that of the contained 
ovum. Tins vt;sicle appears to be filled with sea-water, in which 
the ovma (loal.s. 

I'crtil ized (n'a may usually be easily obtained by keeping the 
captured :ulu]ts in water from 12 — 24 hours. The two main 
authorities on the development of these forms (Kowalevsky, No. 
M*? :nul 17 s and Agassiz, No. 172 ) are uiifortimately at variance 
on one or two of tlie most fundamental points. It .seems how- 
t'vcr that tlie embryonic layers are formed by a kind of epibolic 
gastnila ; while tin; true gastric cavity, as distinct from the gas- 
trovascuiar, i-; tbrmed :m invagination, and deserves therefore 
to be regarded as a form of stomoiheum. 

'The earl)’ .sla;>;e.s ;n*i' very closely similar in all the types .so far 
oh.scrvc'd. .Sejpuentation commences by the outer layer of the 
ovum, which throughout behaves as tlic active layer, forming a 
protulH'rancc at one jiole, w’hich may be called the formative 
pole. Close ludou- ihi.s protuberance is placed the nucleus. In 
the median line of the protulierauce a furrow appears (fig. 82 A), 



Kii;, Sj. lOvic s'i‘Ani-‘..s i.M tiik dkvei.opmeN't of Idyia roseola. (After Agas.siz.) 
'riu; prolopLasinic layer of the ovuni is represented in black. 

which gradually deepens till it divides the ovum into two. The 
g-ramilar layt.-r follows the furrow so that each of the fresh seg- 
memts, like tin; original ovum is completely invested by a layer 


174 CTENOPHORA. 


of granular protoplasm. Each segment contains a nucU-us. A 
second similar division at right angles to the first; gives rise; In 
four segments (fig. 82 B), and the segments .so fonn(;(I l)<,:eoni(; 
again divided into eight (fig. 82 C). In the divi.sion into 
which takes place in a vertical plane, the .segments formed an* of 
unequal size, four of them being much smaller than the otlui's. 
The eight segments are arranged in the form of a .slightly curved 
disc round a vertical axis— the future long axis of the body ; 
and there is a cavity in this axis which, like the segmentation 
cavity of Sycmidra mpJmmiSym open at both extrcmitic.s. The 
disc with its concavity on the side of the formative pole has the 
shape sometimes of an ellipse (fig. 82 C) and sometimes of a 
rectangle, in which the four small spheres occupy the poles cT 
the longer axis. A bilateral symmetry is thu.s even at thi.s .stage 
clearly indicated. 

In the next phase of segmentation the granular la,yc;r sur- 
rounding each segment again forms a protuberance at the forma- 
tive pole, but, instead of each segment becoming divided into 
two equal parts, the protoplasmic protuberance alone is divitUitl 
off from the main segment. In this way sixteen spheres bceome 
formed, of which eight are large and are formed mainly of the 
yolk material of the inner part of the ovum, and eight arc .small 
and entirely composed of the granular protoplasm. The eight 
small spheres form a ring on the formative surface of the large 
spheres (fig. 82 D). 

The small spheres now increase very rapidly (fig. 82 E), partly 
by division aiid partly hy the formation of fresh cells from the 
large spheres ; and spread over the large spheres, forming in this 
way an epibolic gastrula. They constitute a layer of epiblast. 
(Fig. 83 A.) The large cells in the meantime remain rclatividy 
passive, though during the process they divide, in some case.s 
more or le.ss irregularly, while in Eucharis they divide into six- 
teen. The axial segmentation cavity would seem during the 
process to become obliterated. 

There is an important discrepancy between the statements of Kowalcvsky 
and Agassiz as to the course of the growth of the small cells. According 
to Agassiz the small cells grow most rapidly at the formative pole and cover 
this before they meet at the opposite pole. The reverse statement is made 
by Kowalevsky. It would seem that the above discrepancy is clue to an 
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interchange on the pai-t of the one or the other of these authors of the two 
poles of the embryo, in that according to Agassiz the formation of the mouth 
takes place at the formative pole^ and according to Kowalevsky at the pole 
opposite to this. 

Without attempting to decide between the above views, we shall speak of 
the pole at which the mouth is formed as the oral pole. 

The formation of the alimentary cavity commences shortly 
after the complete investiture of the embryo by the epiblast 
cells. At the oral pole an invagination of epiblast cells takes 
place (fig. 83 B), which makes its way towards the opposite pole. 
More especially from the figures given by Agassiz, and from the 
explanation of his plates, it would seem that a large chamber is 
formed in the hypoblast at the end of the invaginated tube, into 
which this tube soon opens (fig. 83 C). The invaginated tube 
would seem to give rise to the so-called stomach, while the 
chamber at its aboral extremity is no doubt the infundibulum, 
which as may be gathered from Kowalevsky ’s statements, is lined 
by a flattened epithelium. At a later period the gastrovascular 
canals grow out from the infun- 
dibulum as four pouches, which 
are surrounded by, and grow at 
the expense of, the large central 
cells, which have in the mean- 
time arranged themselves in 
four masses, and appear to serve 
as a kind of yolk. The nuclei 
of these large cells according to 
Kowalevsky disappear, and the 
cells themselves break up into 
continually smaller masses. 

The main difficulty in the above 
description of Agassiz is the origin of 
the infundibulum. In the absence of 
definite statements on this head it 
seems reasonable to conclude that it arises as a space hollowed out in the 
central cells, and that its walls are formed of elements derived from the yolk 
cells On this interpretation the alimentary canal of the Ctenophora would 

1 Chun (No. 174) gives a short statement of his observations, which accords with 
the interpretation in the text. 



Fig. 83. Four stages in the de- 
velopment OF Idyia roseola. (After 
Agassiz.) 

s.c. sense capsule; si, stomocl£eum. 
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consist, as in the Acraspedote Medusas and Actinozoa, of two sections : (i) 
A true hypoblastic section consisting of the infundibulum and the gastro- 
vascular canals derived from it ; and (3) an epiblastic section the stomo' 
dasum — forming the stomach. 

The observations of Kowalevsky on the alimentary system do not wliolly 
tally with those of Agassiz. He finds that the oral side of the embryo 
becomes hollowed out, and that the hollow, lined by flattened cells, Ijccomes 
constricted off as the infundibulum, from which the radial canals subse- 
quently grow out. To the infundibulum there leads a narrow canal lined by 
a columnar epithelium which becomes the gastric cavity. 

While the alimentary canal is becoming formed a scries of 
important changes takes place in other parts of the embryo. 
The rows of locomotive paddles first appear as four longitudinal 
equidistant linear thickenings of the epiblast near the aboral pole 
(fig. 83 D). On the projecting surface of these ridges stiff cilia 
appear which coalesce together to form the paddles. While the 
embryo is still within the egg the rows of paddles are quite short 
and also double. There are in Pleurobrachia about eight or nine 
pairs of paddles in each row. Each double row eventually seiia- 
rates into two. 

In all the forms except the Eurostomata (Beroe) two tentacles 
grow out as thickenings of the epiblast (fig. 84 B, /.). They are 
placed at the opposite poles of the long transverse axis of the 
embryo. 

A process of the contractile gelatinous tissue of the body, the 
origin of which is described below, makes its way, according to 
Kowalevsky, into the tentacles. 

The central apparatus of the nervous system and the otoliths 
are formed at the aboral pole from a thickening of the epiblast, 
but the full details of their formation have not been elucidated. 
It may be well to preface my account of their development with 
a short statement of their adult structure. 

They consist in the adult of a vesicle with a ciliated lining situated at 
the bifurcation of the two anal tubes, and of certain structures connected 
with this vesicle. From the floor of the vesicle is suspended a mass of 
otoliths by four leaf-like bodies known as suspenders. The roof is very 
delicate and has the form of a four-sided pyramid. Six openings lead into 
the vesicle. Through four of these, placed at the four corners, there pass 
out four ciliated grooves continuous with the suspenders. These grooves 
after leaving the otolithic vesicle, bifurcate and pass to the eight rows of 
paddles. At the two sides the walls of the vesicle are continuous with two 
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thickened ciliated plates with swollen edges, opposite the centres of which 
are two lateral openings into the vesicle, completing the six openings. 
Through the lateral openings the sea water is driven by the action of the 
cilia of the plates. 

The development of these parts is as follows — In the aboral 
thickening of epiblast a cavity makes its appearance, the walls 
of which constitute the rudiment of the otolithic vesicle (fig. 83 B 
and C, S.C.). The roof of the cavity is extremely delicate. On 
each side of it a thickening of cells becomes established, regarded 
by Kowalevsky as the rudiment of the neiwous ganglia. These 
thickenings appear to give origin to the lateral ciliated plates. 
The otoliths arise from cells at four separate points at the corners 
of the ciliated plates opposite the rows of paddles (fig. 84 A, /»/.). 

In Pleurobrachia there is at first only one otolith at each 
corner. The otoliths are gradually transported towards the 
centre of the vesicle (fig. 84 B, ot.) and are there attached, though 
the four leaf-like suspenders do 
not arise till very late. The oto- 
liths go on increasing in number 
throughout life. 

The gelatinous tissue of the 
Ctenophora appears as a homoge- 
neous layer between the epiblast 
and the yolk-cells, and is probably 
homologous with the layer formed 
in the same situation in all other 
ccelenterate forms. Into the layer 
a number of anastomosing cells, 
mainly derived from the epiblast, though according to Chun 
(No. 174) also in part from the hypoblast, make their way. 
These cells would appear to be mainly, if not entirely (Chun), 
of a contractile nature. It is probable that the great mass of the 
gelatinous tissue of the adult is an intercellular substance derived 
from these cells. 

The whole of the above changes are completed while the 
embryo is still enclosed in the egg capsule. During their 
accomplishment the oro-anal axis, which was originally very 
short, increases greatly in length (fig. 83), so that the embryo 
acquires an oval form similar to that of the adult. 
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Fig. 84. Two stages in the 

DEVELOPMENT OF PLEUROBRACHIA 
RHODODACTYLA. (After Agassiz.) 
oi. otolith ; t, tentacle. 
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178 SUMMARY. 

The exact period of leaving the egg does not appear to be very constant, 
but the hatching never takes place till the embryo has practically acquiux 
all the organs of the adult. 

In the majority of types the differences between the just hatched L'uv.v 
and the adult are inconsiderable, and in all cases the larva has a somewha.! 
oval form. In the case of the Tteniatae (Cestum, etc.), the larva has the 
characteristic oval form, and the subsequent changes amount almost tt) a 
metamorphosis. 

The larva of the Lobatm, such as Eucharis, Bolina, etc., can hardly be 
distinguished from Pleurobrachia, and undez'goes therefore considerable 
changes after hatching. 

Eucharis 7 miUicornis while still in the larval condition is stated by Chun 
to become sexually mature. 

The new genus Ctenaria recently described by Haeckel, 
which is intermediate between the Ctenophora and the Medusjc 
clearly proves that the Ctenophora are more closely related to 
the Meduspe than to the Actinozoa; but their development, 
especially the presence of a stomodteum, .shews that they. have 
affinities (in spite of the rudimentary velum of Ctenaria) with the 
Acraspedote as well as with the Craspedotc Medusa; ; and it 
may be noted that the Acraspeda have undoubted affinities with 
the Actinozoa. 

Summary and general co7isiderations. 

Even in the adult condition the lower forms of Ccclcntcrata 
do not rise in complexity much beyond a typical gastrula. 
Ontogeny nevertheless brings clearly to light the existence of a 
larval form — the planula—which recurs with fair con.stancy 
amongst all the groups except the Ctenophora. 

We are probably justified in assuming that the planula is a 
repetition of a free ancestral form of the Coelcnterata. The pki- 
nula, as it most frequently occurs, is a two-layered ciliated nearly 
cylindrical organism, with at most a rudimentary digestive cavity 
hollowed out in the inner layer, and as a rule no mouth. In the 
outer layer are numerous thread-cells. 

How many of these characters did the ancestral planula possess ? 1 think 
it is not unreasonable to assume that the only two characters about which 
there can be much doubt are the rudimentary condition of the digestive 
cavity and the absence of a mouth. Paradoxical as itmay seem, it appears i,n 
me not impossible that the Coslenterata may have had an ancestor in which a, 
digestive tract was physiologically replaced by a solid mass of amceboid cells, 
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This ancestor was perhaps common to the Turbellarians also. The constant 
presence of thread-cells in the inner layer of their epiblast fits in with their 
derivation from a form similar to the planula. While the solid parenchy- 
matous digestive canal of Convoluta and Schizoprora and other forms 
amongst the Turbellarians, though very probably secondary, may perhaps 
be explained by such a view of their origin. 

The planula in its primitive condition is not bilaterally symmetrical, but 
frequently, as amongst the Actinozoa, it becomes flattened on two sides before 
undergoing its conversion into the adult fonn. Perhaps the bilateml form 
of planula is the starting point both for the Coelenterata and the Turbellaria. 
In this connection the peculiar unilateral development of a tentacle in 
Scyphistoma and Actinia should be noted. 

The planula occurs in the majority of sessile forms of Hydro- 
zoa except the Tubularidje and Hydra. It is also characteristic 
of the TrachymeduscE and Siphonophora. Amongst the Acras- 
pecla it is also present, but has an exceptional mode of ontogeny 
which is discussed in connection with the germinal layers. 

It is characteristic both of the Octocoralla and Hexaco- 
ralla, but is not found in the Cteiiophora. 

In the Tubularidm and in Hydra an abbreviated develop- 
ment leads no doubt to the absence of a free planula stage, and 
the absence of a larval form amongst the Ctenophora may, as has 
already been stated, be probably explained in the same way. 

The Coelenterata of all the Metazoa are characterized by the 
greatest simplicity in the arrangement of their germinal layers ; 
and for this reason very considerable interest attaches to the 
mode of formation of the layers amongst them. Two germinal 
layers are constantly found, which correspond in a general ivay 
to the epiblast and hypoblast. It might have been anticipated 
that a certain amount of uniformity would have existed in the 
mode of formation of the layers. This however is not the case. 
In perhaps the majority of forms they become differentiated by 
a process of delamination, but in a not inconsiderable minority 
the two layers owe their origin to an invagination. 

Delamination is constant (with the doubtful exception of 
some Tubularidae) amongst the Hydromedusae and Siphono- 
phora. It is perhaps in the main characteristic of the Actino- 
zoa. 

Invagination by embole takes place, so far as is known, con- 
stantly amongst the Acraspeda and frequently amongst the 
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Actinozoa ; and an cpibolic invagination is chai'acloristic of tlui 
Ctenophora. > 

If confidence is to be placed in the recorded olist'rvat ions on 
which this summary is founded, and then; is no nrason u h)' in a 
general way it should not be so placed, the eonelusioii is iiu-vil 
able that of the above modes (jf development tin; om* inn, si Im' 
primitive and the other a derivative from it, fiir. if this eoiu.lusion 
be not accepted, the absolutely inadmissibU; hypothesis of a 
double origin for the Coilcntcrata would have, to be adtjjileil. 

Two questions arise from these considerations : 

(1) Which is the primitive, ciclamination or invagination ? 

( 2 ) How is the one of these to be derived from the other ? 

There is a great deal to be said in favour of both <lelamin- 

ation and invagination ; but it will be convenient to ded'er all 
discussion of the question to the general eliapter on the forma- 
tion of the layers throughout the animal kingtloin. 

The hypoblast cells are often filled with yolk material, and 
secondary modifications are thus produced in the diwelopment. 

The most important examples of such modifications are finnul in 
the Siphonophora and Ctenophora. 

In the simplest forms amongst the Hydrozoa there is no trace 
of a third layer or mesobla.st. The epililast is typically fonmal, 
as was first shewn by Klcincnbcrg, of an epitlu'lial lu>'er and a 
subepithelial interstitial layer of cells. The cells of tiu' fornun- 
are frequently produced into muscular or nervous tails, and tliose 
of the latter give rise to the thread-cells and generutivt; organs 
and in some cases to muscles k In many cases, amongst all the 
Ccelenterate groups, and constantly amongst the t:tcn(q)hora tin; 
epiblast is simplified and reduced to a single layer. I'lic hypo- 
blast undergoes in most cases no such diffcrcutiatitm but simply 
forms a glandular layer lining the gastric chamber and its pro- 
longations into the tentacles ; but in the Actinozoa it api)ears to 
give rise to muscles, and strong evidence has been brought for- 
ward to shew that in some groups it gives rise to the generative 
organs. 

Between the epiblast and hypoblast a structureless 1 amelia 
appears always to be interposed. ^ 

1 The questions relating to the generative organ.s of the Ca-lenlerata are wit it 

in the second part of this work, 
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In many Ccelenterata further differentiations of the epiblast 
are present. In many forms the layer gives rise to a hard exter- 
nal skeleton. This is most widely spread amongst the Hydrozoa, 
where in the majority of cases it takes the form of the horny 
perisarc, and in the Hydrocoralla (Millepora and Stylasteridse) 
of a hard calcareous skeleton. The skeleton in these forms, 
though closely resembling the mesoblastic skeleton of the Actin- 
ozoa, has been shewn by Moseley (164) to be epiblastic. 

In the Actinozoa an epiblastic skeleton is exceptional, and 
according to most authorities absent. Quite recently however 
Koch (167) has found that the axial branched skeleton of most 
of the Gorgonidae, viz. the Gorgoninae and Isidinse, is separated 
from the ccenosarc by an epithelium, which he believes to be 
epiblastic, and to which no doubt the axial skeleton owes its 
origin. A similar epithelium surrounds the axis of the Penna- 
tulidse. 

In the Medusae the epiblast also gives rise to a central 
nervous system, which however continues to form a constituent 
part of the layer, and to the organs of special sense\ 

A special differentiation of the hypoblast is found in the 
solid axis of the tentacles. This axis replaces the gastric 
prolongation found in many forms, and the cells composing 
it differentiate themselves into a chorda-like tissue, which has 
a skeletal function, and is no longer connected with nutrition. 
This axis is placed by many morphologists amongst the meso- 
blastic structures. 

In all the higher Ccelenterata certain tissues become inter- 
posed between the epiblast and hypoblast, which may be classi- 
fied together as the mesoblast. 

The most important of these are 

(1) The various distinct muscular layers. 

(2) The gelatinous tissue of the Medusae and Ctenophora. 

(3) The skeletogenous tissue of the Actinozoa. 

In most cases the muscular fibres are connected with epithe- 
lial cells, but in certain forms amongst the Medusae and in the 
majority if not all the Actinozoa they constitute a distinct layer, 
sometimes separated from the epiblast by a structureless mem- 

1 The differentiation of the nervous and muscular systems in the Hydrozoa is 
treated of in the second part of this work. 
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branc, yllquomi Mitrocoma. Siu-li layers wIkmi <in Hk' outer 
side of tlie membrane sc;paratiii,it: (‘piblast aiul h}'jn'bla.sl are 
undoubtedly epiblastic in origin, but in sonur eases amono/d ilu* 
Actinozoa they adjoin the hypoblast, and are ver\' probably 
derived from this layer. 

The origin of tlK; gelatinous tissue is still involved in niueh 
obscurity. 

It originates as a homogeneous layer betwts-n epiblast and 
hypoblast, which in the Id yd romeclus:e never liecoines cc.-llular 
though traversed by elastic fibres. 

In the Acra.spcda it contiiins anastomosing e.ells in tlu' main 
apparently (Claus) derived from the hypoblast, aiul in the Cteiio- 
phora it is richly supplied with muscular stellali’ ei'lls for the 
most part of epiblastic origin, though some are stated In' ('him 
to come from the hypoblast, (hi thewluth' it seems imobable, 
that the gelatinous tissue iiKi}' be regardril as a product t\f i'oih 
layers ; and there arc .some grounds for tliinling, that it is an 
immense development of the nieinbrane alv\a3s interptisod be™ 
tween the two inhnury layers. It must however be borne in mind 
that a membrane, regarded by the 1 Icrtwip.s as tlie s'ipii\ali‘nt of 
the ordinary membrane between the epiblast aiul hj’poblast, can 
be usually dcmon.stratcd on both .surface's of the gelatinous 
tissues in Medusic. The skeletogeiious la)'er of the- Aelin(>/,oa 
is probably the morphological homolo'pie of the gt'latinous 
tissue; but the evidence we have is on the whole in fa\our of the 
connective-ti.s.sue cells it contains l)eing t'jiiblastic in orupn. It 
gives rise to the skeleton of the Ilexacoralla, to llu- .spieular 
skeleton of Alcjuinium, the axial skeleton of Corallium, and tlie 
skeleton of the Hclioporidai and Tubiporida;. 


Alternations of gemratums. 

Alternation of generations is of common occurrence' rurutiigst 
the Hydrozoa, and something analogous to it has lx;en found to 
ta<e place in Fungia amongst the Actinozoa. It is not known 
to occur in the Ctenophora. 

Ihe chief interest of its occurrence amongst the 1 lydro- 
medusEE and Siphonophora is the fact that its origin can be 
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traced to a division of labour in the colonial systems of zooids 
so characteristic of these types. 

In the Hydromedusse an interesting series of relations 
between alternation of generations and the division of the zooids 
into gonophores and trophosomes can be made out. In Hydra 
the generative and nutritive functions are united in the same 
individual. The generative swellings in these forms cannot, as 
has been ably argued by Kleinenberg, be regarded as rudimen- 
tary gonophores, but are to be compared to the generative bands 
developed in the Medusm around parts of the gastro-vascular 
system. A condition like that of Hydra, in which the ovum 
directly gives rise to a form like its parent, is no doubt the 
primitive one, though it is not so certain that Hydra itself is a 
primitive form. The relation of Hydra to the Tubularidce and 
Campanularidaf; may best be conceived by supposing that in 
Hydra most ordinary buds did not become detached, so that a 
compound Hydra became formed ; but that at certain periods 
particular buds retained their primitive capacity of becoming 
detached and subsequently developed generative organs, while 
the ordinary buds lost their generative function. 

It would obviously be advantageous for the species that the 
detached buds with generative organs should be locom*otive, so 
as to distribute the species as widely as possible, and such buds 
in connection with their free existence would naturally acquire a 
higher organization than the attached trophosomes. It is easy 
to see how, by a series of steps such as I have sketched out, a 
division of labour might take place, and it is obvious that the 
embryos produced by the highly organized gonophores would 
give rise to a fixed form from which the fixed colony would be 
budded. Thus an alternation of generations would be estab- 
li.shed as a necessary sequel to such a division of labour. To 
test the above explanation it is necessary to review the main 
facts with reference to alternations of generations amongst the 
Flydromedusce. 

Hydromedusah In many instances amongst the Tubula- 
ridm, Sertularidm and Campanularidae medusiform buds are 
produced which become detached and develop sexual organs. 

■J- For a full account of this subject the reader is referred to the beautiful memoir 
of Allman (No. 149). , . 
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Such Medusae are divided into two great groups, the Orellala and 
Vesiculrita, according to the characters of the marginal sense organs. 
In the Occllata the sense organs have the form of eyes, anil in the 'Fesieulaia 
of auditory vesicles. The latter seem to he usually hmided oli' fmin flu; 
Cainpanularia stocks, and the generative organs estimd in folded l.ands ovm' 
the radial canals. These bands have been regarded hy Allin.ui as eoinposed 
of rudimentary gonophores, ami he called the Medusa' whi. h gg've rise to 
them blastochemes. lie regards them as representing a mon- eoinpHc.-iled 
type of alternation of generations vvillt three insK'ail of two geneiations in 
the series. The Herlwigs have brought what appear to me eonelusive 
grounds for rejecting this view, and have domon.strated that tlu; generative 
organs of these types resemble those of ordinary Medusa;. 

In many forms the mediisiform buds thoiiirh fully devclupcd 
do not become detached j whether detached or md they are 
known as phanerocodonic gonophore.s. In other forms 
again buds which begin as if they wen; going to form Mt'dusa; 
never reach that condition but remain ])ermaiu'ntly in an nndc" 
velopcd .state. They have been called by Allman tid e 1 o i; o d o n i e 
gonophores. 

In all the above ca.ses two generations at titu least intc'rpose 
between the successive sexual periods, viz. : 

(1) A trophosome produced directly fromi tlic ovum. 

(2) 'A gonophore budded from thi.s, 

111 a very large number of types the gonopliores do not 
develop directly on the hydroid stem, hut arise on s|K'ri:dly 
modified zooicls resembling rudiment, ary trophosomes which 
have been named blastostyles by Allman. On tlie .sides of 
each blastostyle a series of gonophores usually becomes de- 
veloped. The bhustostylcs either remain exposed as in all the 
Gymnoblastic or Tubularian Hydroids, or ns in all the C'ulyjito- 
blastic Hydroids (ScrtularkUe and Cumpanularid;e) they beeome 
invested by a special case — known as the gonang’ium -'-wliich 
is formed of perisarc lined by epiblast. In the forms with 
blastostyles three generations interpose between the successive 
stages of sexual reproduction, (i) the tropho.some developed 
directly from the ovum, (2) the blastostyle budded from this, (3) 
the gonophore budded from the blastostyle. 

Such being the main facts, in order to prove that the existing condiiion 
of polymorphism amongst the Hydromedusm is to he explained tis hyjm- 
thetically suggested above, it is still necessary to .shew that (1) tlu' fm; 
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inctlusiform .qonophores are really only modified tropliosomes, or ratfier that 
the trophosomes and gonophores are both modifications of some common 
type, and ( 3 ) that the fixed so-called adelocodonic gonophores are retrograde 
derivatives of the free medusiform gonophores. Unless these points can be 
established it might be maintained that the Medusm were special zooids, 
developed </(.* novo and not by a modification of trophosome zooids. To 
demonsli ate these propositions at length would carry me too far into the 
region of simple Comparative Anatomy, and I content myself with referring 
the reader to a discussion of the Hertwigs (No. 146, p. 62 ) where the first 
point appears to me fully established. With reference to the second point I 
will only say that the structure and development of the adelocodonic gono- 
phores can only be explained on the assumption that they are retrograde 
forms of the phanerocodonic gonophores, and that the opposite view, that 
the phanerocodonic gonophores are derived from the adelocodonic, leads to 
a series of untenable positions. 

The Trachymedusm, as has been shewn above, develop directly. They 
are probably derived from gonophores in which the trophosome has dis- 
appeared from, the developmental cycle. 

To sum up, three types of developmeut are found amongst 
the Hydromeduste. 

(1) No alternations of generations. Permanent form, a 
sexual trophosome. Ex. Plydra. 

(2) Alternations of generations. Trophosome fixed, gono- 
phore free or attached. Ex. Gymnoblastic and Calyptoblastic 
Plydroids, and Plydrocoralla. 

(3) No alternations of generations. Permanent form, a 
sexual Medusa, Ex. Tracliymedusm. 

Siphonophora. In the Siphonophora alternations of gener- 
ations take place in the same way as in the Hydromedtisse, but 
the starting point appears to be a Medusa. The gonophores 
may remain fixed or become detached. 

Acraspeda. With the exception of Pelagia and Lucernaria, 
in which the development involves a simple metamorphosis, all 
the Acraspeda undergo a form of alternations of generations. 
The ovum, as already described, develops into a fixed form — the 
Scyphistoma — which increases asexually by normal budding, 
and can even form a permanent colony. 

The formation of the sexual Medusa form takes place by a 
kind of strobilization of the body of the fixed Scyphistoma. 
A series of transverse constrictions becomes formed round 
the body below the mouth, dividing it up into corresponding 
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rings, each of which eventually gives rise to a Medusa kuttwu 
as an Ephyra (fig. 85), In each 
of these rings is a dilation of the 
stomach, and a section of each of 
the four rudimentary mesentcrie.s 
described in connection with the de- 
velopment of the Scyphistoma. A.s 
the constrictions become deeper the 
segments of the body between them 
become disc-like, and their edges 
are produced into eight lobes con- 
taining prolongations of the gastric 
cavity (fig. 85 C). The lower sur- 
face of each disc, which forms the 
future aboral surface of the Medusji, 
becomes convex, in part owing to 
the development of gelatinou.s tis- 
sue. On the oppo.site surface a 
muscular la}^!- becomes developed. During the above 
the body of the Scyphistoma gradually grows in length and 
continues to be segmented, so that a scries of liphyriu are 
uninterruptedly formed, of which those near the base are 
youngest. The original terminal ring of tentacle.s of 
Scyphistoma gradually atrophies. 

In the further development of the Ephyrm each of their eight 
lobes becomes bifid at its extremity. 

As the Ephyrse successively reach this condition they be- 
come detached, and by a series of remarkable changes, amount- 
ing almost to a metamorphosis, and accompanied by an enor- 
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mous growth in size, reach the adult condition. 

The alternation of generations in the Acraspeda cannot be 
quite so simply explained as in the Hydromediisa;, though the 
principle is probably the same in the two cases. 

Actinozoa. Amongst the Actinozoa there occurs in Eungia a 
peculiar process which is, as shewn by Semper ( 171 ), in many 
ways analogous to alternations of generations b From the larva 
a nurse-stock is developed, at the end of which a cup-like coral 

1 Vide also Moseley, Mhv by a Naturalist of the Challenger, pp. 524 ami 5?, 5. 
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resembling': the adult is formed as a bud. The bud becomes 
detached and then gives rise to a permanent sexual Fungia. 
I"rom the nursc-Htock' there is formed however a fresh bud at 
the centre of the scar left on the detachment of the old one. 
The fresh bud eventually becomes separated from the nurse-stock 
leaving a small portion of its stem behind ; each succeeding bud 
similarly leaves a small portion of its stem, so that the nurse- 
stock eventually acquires a jointed appearance. In the above 
process we clearly have, as in the Hydromedus®, a non-sexual 
form — the nurse- stock — produced directly from the larva, giving 
rise by budding to a sexual form ; all the conditions of an alter- 
nation of generations are therefore fulfilled. It seems however 
possible that the nurse-stock itself may eventually become sexual. 
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CHAPTER VII. 


PLATYELMINTHES'. 

Turbellaria. 

Although there is perhaps no group in the animal kingdom 
the ontogeny of which would better repay a thorough investiga- 
gation than the Turbellarians, yet the difficulties to be overcome 
have hitherto proved too great. 

The fresh-water Rhabdocoela and Dendroccsla do not under- 
go any metamorphosis, and leave the ovum in a condition in 
which they cannot easily be distinguished in their general appear- 
ance from Infusoria. Many marine Dendrocoela also develop 
directly, while, as was first shewn by Joh. Muller, other marine 
Dendrocoela undergo a more or less complicated metamorphosis. 

Marine Dendroccela. Of the marine Dendrocoela which do 
not undergo a metamorphosis the form most fully worked out is 
Leptoplana tremellaris — (vide Keferstein, No. 187, and Hallez, 
No. 185). 

The ova are surrounded by large albuminous capsules 
secreted by a special gland. They are laid a great number at a 

1 I. Turbellaria. 

1 . Dendrocoela. 

2. Rhabdocoela. 

II. Nemertea. 

1. Anopla. 

2. Enopla. 

III. Trematoda. 

1. Distomere. 

2. Polystome£e. 

IV. Cestoda, 
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time, and adhere together so. as to form masses not niilike the 
spawn of niidibranchiate Molluscs. 

Within the egg-capsule the ovum floats freely and undcrgo<\s 
a segmentation similar in many respects to the charact eristic 
molluscan type. The ovum divides into two, and tlicn into tone 
parts, from each of which a sraall segnient is then separated o(t. 
The four small segments, which appear to give rise to the (..■pt- 
blast, increase in number by division and gradually envcl(’>p the 
large segments^; so that an epibolic invagination clearly takes 
place. Between the small and the large cells is a small segmen- 
tation cavity, fig. 86 A and B. At the time when twelve epiblast 
cells are present, each of the four large cells divides into two un- 
equal parts (Hallez), fig. 86 A. In this way four large (%/) and 
four small cells (■;;/) are formed. The latter are placed at the 
opposite pole of the ovum to the epiblast cells, and give rise to 
the mesoblast, while the four large cells remain as the hypoblast. 

In the course of the enclosure of the hypoblast cells by the 



Fig, 86. Skctions through the ovum ok LKTTori.ANA tremellaris tn 'rHRi':E 

STAGES OF DEVELOPMENT. (After Hallez.) 
cp. epiblast; m, mesoblast; hy, yolk cells (hypoblast); hU blastopore. 

epiblast, the mesoblast cells gradually travel towards the forma- 
tive pole (fig. 86 B). In the process they become first of all 
divided so as to form four linear streaks, and finally unite into a 
continuous layer between the epiblast and hypoblast, which 
obliterates the segmentation cavity (fig, 86 C, ni). 

Before the completion of the epibole a closely packed laj’cr 
of fine cilia appears, which causes a rotation of tlic embryo within 
the egg-capsule. During the above changes a fifth hypoblast 
cell is formed by the division of one of those already present ; 
and at a later period four of the hypoblast cells give rise within 

1 It is probable, though it has not been observed, that the growlli of the layer of 
small cells is assisted by the formation of fresh cells from the hypoblast si'ilieres. 
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the nearly closed blastoporlc area to four small cells. In con- 
nection with these cells a complete hyploblastic wall becomes 
subsequently established, which encloses the original large hypo- 
blast cells. The latter then become resolved into a vitelline 
mass. 

From a comparison with other types it may be regarded as 
probable that the enteric wail originates by a process of continu- 
ous budding off of small cells from the large cells, which com- 
mences with the formation of the four cells above mentioned. 

The blastopore becomes nearly obliterated, but whether it 
gives rise to the mouth, which is formed in the same place, has 
not been determined. In front of the mouth a small and very 
transitory rudiment of an upper' lip makes its appearance. The 
protrusible pharynx is stated by Hallez to arise as an hypoblastic 
bud, while its sheath has an epiblastic origin. Two pairs of 
eyes and the supra-cesophageal ganglia also become early 
developed. 

The peripheral , ciliated layer of small cells becomes divided 
into two strata, of which the outer remains ciliated and forms 
the true epiblast : the inner probably forms the cutis. In it are 
developed rod-like bodies, which seem to be homologous with 
the thread cells of the Ccelenterata, so that if the views put 
forward in the previous chapter as to the similarity of the turbel- 
larian and ccelenterate larvm are correct, the cutis corresponds 
with the deeper layer of the coelenterate epiblast. The meso- 
blast, like the epiblast, becomes divided into two strata. The 
outer one is stated to form the circular and longitudinal muscles; 
the inner one to give rise to a muscular reticulum, the spaces 
within which constitute the parenchymatous body cavity. 

The later changes are not of great importance. At a period slightly 
after the formation of the mouth and ganglia two pairs of stiff hairs become 
formed at the sides of the body. The embryo has by this time grown so as 
to fill up its capsule, in which however it continues rapidly to rotate, and also 
commences to exhibit active contractions. It next becomes hatched, and 
passes from a spherical to a flattened elongated form. The ventral oral 
opening is at first central, but soon, by a process of unequal growth, becomes 
carried towards the posterior end of the body. The pairs of stiff hairs in the 
meantime considerably increase in number. The remains of the yolk cells 
now disappear, and the enteric walls become more distinct. The alimentary 
canal, which is at first simple in outline like that of a rhabdocoelous Turbel- 
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larian, soon assumes a dendritic form, The young animal after these changes 
resembles its parent, except in the possession of only two pairs of eyes and 
in the absence of generative organs. 

Of the types with a complete metamorphosis the ficc laiv.e 
of various species of Thysatiozoon have been observed by Job. 
Muller (190) and Moseley (189), 
and the complete development of 
Eurylepta auriculata has been 
studied by Hallez. 

The stages within the egg of 
this latter type agree precisely 
with those already described in 
Leptoplana. After the formation 
of the mouth the body elongates, 
remaining however cylindrical. A 
fold forms on the anterior side of 
the mouth, giving rise to a large 
upper lip. Two posterior processes 
are next formed, and other pro- 
cesses soon arise, constituting the 
whole of those found in the free 
larva. The embryo next shakes off its egg membranes by a 
series of vigorous contractions. When free it has the form repre- 
sented in the annexed figure (fig. 87 ). 

It is so .similar to Miiller’s (fig. 88 ) and Moseley’s larv« that 
all three may be dealt with together. 

The body is somewhat oval, and slightly pointed behind. 
At the anterior end are placed the eyes, two in the youngest 
larva of Muller, and twelve in the older larva (fig. 88 ), and in 
the middle of the ventral surface is the mouth. It is surrounded 



Fig. 87, I.ahva or F.intYi.KrTA 
AURICULATA IMMICDIATHLY AlfTEK 
HATCHING, VlKWRI) FROM THE 
SIDE. (After Hallez.) 
m. mouth. 


by a strong fold, and leads into an. alimentary canal, which is at 
first simple, but in the older larvae is much branched, A bilobed 
ganglion connected with two nerve cords is placed anteriorly. 
The superficial epithelium is ciliated, and below it is a layer of 
cells (cutis) derived from the primitive epiblast, in which are 
formed the usual rods (Hallez). The chief peculiarity of the 
larva consists in the presence of elongated processes covered 
with long cilia, and so connected together by a ciliated band 
that the whole together forms, in Muller’s larva at any rate, 
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lobed pneoral ciliated band (fig. 88). This band is not quite so 
clear in Hallez’ figures. Muller’s youngest larva was provided 
with eight very long lobes; three were dorsal, viz. a median 
anterior, and two lateral placed far back ; three ventral, viz. a 
median in the front of the mouth forming a large upper lip, and 
two processes at the sides of the mouth. The number was com- 
pleted by two lateral processes of the 
body. All the processes except the 
dorsal median one are shewn in fig. 88. 

In Hallez’ larva, fig. 87, the six posterior 
processes form a rather definite ring, 
while one flagellum projects from the 
front end of the body immediately below 
the eyes, and a second flagellum behind. 

In Moseley's youngest larva six pro- 
cesses only were present, though subse- 
quently eight became formed as in Muller’s 
larVcC Fig. 88. Muller’s Tur- 

' . . . BELLARIAN LARVA (PRO- 

The metamorphosis consists in the barly Tmy.sanozoon). 
whole animal growing longer and flatter, (X 

and in the arms becoming gradually Miiller.) 

1 a. J 1 i. i: 11 J- ciliated band is re- 

shorter and shorter till they finally dis- presented by the black line. 

appear altogether, and the larva acquires pp 
the ordinary adult form. 

The lobed larval form of the Turbellaria has some points of 
resemblance to the Pilidium form of nemertine larva described 
below, yet its resemblance to this interesting larva is less close 
than would appear to be the case with certain turbellarian larval 
forms recently described by Gotte and Metschnikoff, which are 
in some respects intermediate in character between the larva of 
Leptoplana and those just described. 

The observations of Gotte (No. 184) were made on Planaria Neapolitana 
and Thysanozoon Diesingi, and those of Metschnikoff (No. 188) on Stylo- 
chopsis ponticus. The larvee of all these forms undergo more or less of a 
metamorphosis, but the accounts of their development are not easily 
reconciled^. The early stages of Planaria are like those of Leptoplana, as 

•4: The account of MetschnikofTs observations on Stylochopsis ponticus given in 
tne German abstract is too obscure to be placed in the text, but the following are the 
'moi.'^ important points which can be gleaned from it. 

. I'he ovum becomes first divided into eight segments. By further division along 
the equatorial zone, a ring of small cells is formed which becomes the epiblast. The 

13 
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described by Keferstein. Four large hypoblast cells become surrotinded liy 
small epiblast cells, which commence to be formed on the dorsal side. 1 ht 
hypoblast cells divide and arrange themselves in two bilatcrally"Syinmc^t.iii.<il 
rows, A small blastopore is left by the small cells on the 7 h'ntrai sioJaUf 
which communicates with an otherwise closed and ciliated cavity which is 
formed between the two rows of hypoblast cells. The blastopore wcmld 
seem to remain permanently open, and to be placed at the base of a deep 
pit, lined by epiblast cells, which constitutes the stomodmum. 

The embryo now becomes dorsally convex, while the ventral surface 
becomes marked with a median furrow and grows out laterally into two 
lobes, and anteriorly into a ventrally-dirccted upper lip. The whole surface 
becomes ciliated, and the cilia are especially prominent on the ventral 
processes and the summit of the dorsal dome. A bunch 
of strong cilia becomes formed in front of the dome, 
and a less marked bunch behind. The larva is now 
stated by Gotte closely to resemble a Pilidium. It soon, 
however, extends itself, and the two bunches of cilia 
become situated at the anterior and posterior extremities 
of the body. The ventral processes become incon« 
spicuous prominences of the side of the body. Gotte 
believes that the larva undergoes no further metamor- 
phosis. 

A type of Planarian larva (figs. 89 and 90)— possibly Plan, angulalri, 
observed by Alex. Agassiz (No. 181), — is very 
different from any other so far described, and 
is remarkable for being divided into a series of 
segments corresponding in number with the 
diverticula of the digestive cavity. In the 
youngest specimen (fig. 89) the body was nearly 
cylindrical, and divided into eleven rings, cor- 
responding with as many digestive diverticula. 

Two eye-spots were present. In a later stage 
two poles are at this time formed of large cells. At one polo four .small cells apijear, 
which are compared by Metschnikoff to the pole cells of the DipLcra (vide Chapter 
on the development of the Insecta). At the opposite pole a hla.iltipore is formed 
leading into a small segmentation cavity. The epililast also now gradually grows 
over the large celLs. At the blastopore pole the large cells give ri.se to the hypoblast 
and the small cells at the opposite pole assist in forming the epihl.'ist. The hlasloiuu'e 
disappears, and with it the .segmentation cavity, while the hypoblast, forming a solid 
mass, becomes divided into two halves (Cf. Planaria Neapulitana). The embryo be- 
comes ciliated and begins to rotate; and .the eyes, and somewhat later (?) the nervous 
ganglion make their appearance. 

In the interior a wide cavity develops between the hypohla.st cells, which becomes 
ciliated and is placed in communication with the exterior by an invaginated slonui- 
dteum which forms the pharynx. 

The larva now, as in Planaria Neapolitana, takes on a Pilidiura-Iike form. Lateral 
lobes and an anterior lip grow out from the under .surface, and become covei'ed with 
long cilia, while at the upper pole a long flagellum makes its appearance. 



Fig. yo. Pi.A.N.VRrA x i.arv a 

(PROBAIU.Y Pl.ANARIA ANGI!- 

i.ata). (From Aga.ssi/..) 



Fu:. Hy. Pi.ANA- 
RIAN I.ARVA (rRo- 
TiAIII.V Pl.ANARIA 
ANGtil.A'i'A). (Knmt 
Agassiz.) 
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(fig. 90) the body was considerably flattened and had approached more to 
the planarian form. 

If Agassiz’ interesting observations can be trusted we have in this larva 
indications of a distinct segmentation, which are of some morphological 
importance, especially when taken in connection with the traces of segmen- 
tation found amongst the Nemertines, 

A further type, with an incomplete metamorphosis, has been observed by 
Girard (183). It is remarkable for having an uniform segmentation, and for 
presenting a quiescent stage after passing through a free larval condition 
with a large upper lip. 

Fresh-water Dendrocosla. The development of the fresh- 
water Dendrocoela has been especially investigated by Knappert 
(No. 186) and Metschnikoff (No. 188). 

The ova are very delicate minute naked cells, which to the 
number of 4 — 6 or more become enveloped in a capsule or 
cocoon together with a large mass of yolk cells derived from the 
vitellarium. The yolk cells exhibit peristaltic movements and 
send out amoeboid processes. Each ovum when laid becomes 
surrounded by an extremely delicate membrane, which dis- 
appears during the course of development. The capsules consist 
of a spherical case and a stalk. The latter is first emitted from 
the female opening as a thread-like body. Its free end becomes 
attached, and then the remainder of the capsule is ejected. 

Impregnation takes place before the formation of the capsule. The 
segmentation is complete. The ovum first divides into two segments. One 
of these next divides, forming three segments. There are subsequently 
stages with four, eight, sixteen, and thirty-two segments. 

Metschnikoff’s results on the stages subsequent to the segmentation are 
not in complete harmony with those of Knappert ; but no doubt i-epresent 
an advance in our knowledge, and I shall follow them here. His observa- 
tions were made on Planaria polychroa. 

In the earliest stage observed by him the segmentation was already far 
advanced, but no membrane was present round the ovum. At a later stage 
the ovum becomes more or less bell-shaped or hemispherical, and encloses 
within its concavity a mass of yolk elements. It is now formed of three 
concentric layers. An outer layer of flattened cells — the epiblast, a middle 
layer of fused cells — the mesoblast, and an inner solid mass of yolk cells — 
the hypoblast. 

At the upper pole is formed the protrusible phaiynx (cf. Knappert), which 
is provided with a provisional musculature and a lumen. By its contractions 
it takes up the yolk elements which surround the embryo, and the rapid 
growth of the embryo no doubt taJees place at their expense. The embryo 

13 — 2 
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gradually loses its hemispherical form, and assumes an elongated and 
flattened shape. It acquires a coating of cilia by means of which it rotates. 
On the fifth day it is hatched. 

The alimentary tract long remains solid, even after it has acquired its 
branched form. The pharynx becomes withdrawn as soon as the larva is 
hatched. It loses its provisional muscles, and subsequently acquires a 
permanent musculature. The young after hatching attach themselves to the 
body of their parent, on which they feed (?). 

RhabdoccEla. The development of some of the Rhabdocoela 
has recently been studied by Hallez. The ova are mostly laid 
in capsules, one in each capsule. Sometimes the development 
commences before the capsules are laid, at other times not till 
afterwards. In certain forms (Mesostomum) there are summer 
eggs with thin capsules which develop within the parent, while 
hard capsules, forming what are known as winter eggs, are laid 
in the autumn, and the embryo hatched in the spring. 

The ova of the Rhabdoccela like those of the fresh-water Dendroccela 
are enveloped in yolk elements derived fi'om the vitellarium. 

The segmentation probably takes place in the same way as in Lepto- 
plana. A stage with four equal cells has been observed by Hallez, and 
there is subsequently an epibolic gastrula. The embryo becomes ciliated 
while still within the capsule and, according to Hallez, the pharynx arises 
as a bud of the hypoblast. The proboscis in Pi-ostomum originates as an 
epibiastic invagination. 

Nemertea. 

Some Nemertea develop without and some with a meta- 
morphosis. 

The most remarkable type of Nemertine development with a 
metamorphosis is that in which the ovum develops into a 
peculiar larval form known as Pilidium, within which the perfect 
worm is subsequently evolved. Closely allied to this type is one 
in which the sexual worm is developed within a larval form as in 
Pilidium, but in which the larva has no free swimming stage, and 
is therefore without the characteristic appendages of the Pilidium. 
This is known as the type of Desor and is confined (i*) to the 
genus Lineus. The Pilidium and the Desor t3'"pe may be first 
considered (vide Barrois, No. 192). 

The type of Desor, The segmentation is regular and leads 
to the formation of a blastosphere with a large segmentation 
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cavity. The blastosphere is converted by invagination into a 
gastrula (fig. 91 A). The blastopore is soon carried relatively 



FiCx. 91. Threis stages in the development of Lineus. (After Barrois.) 
A is a side view in optical section. 

B and C are two later stages from the ventral (oral) surface. 


ae. archenteron ; sc. segmentation cavity; hy. hypoblast; me. mesoblast; ep. epi- 
blast; m. mouth; st. stomach; pr.d. prostomial disc ; po.d. metastomial disc; pr. 
proboscis. 

forwards by the elongation backwards of the archenteron, and, 
according to Barrois, actually forms the mouth. Owing to the 
elongation of the archenteric cavity the ehabryo assumes a bila- 
teral form (fig. 92 A) in which the dorsal and ventral surfaces 
can be distinguished, the mouth (?«.) being situated on the 
ventral surface. 

Immediately after the completion of the gastrula a remarkable 
series of phenomena takes place. The embryo when viewed 
from the ventral surface assumes a pentagonal form (fig. 91 B), 
and four invaginations of the epiblast make their appearance on 
the ventral surface (fig. 92 A), two in front of {pr. d.) and tivo 
behind {po. d.) the mouth ; they result in the formation of four 
thickened discs. These discs soon become separated from the 
external skin, which closes in forming an unbroken layer over 
them (fig. 91 C). The discs grow rapidly, and first the prosto- 
mial pair and subsequently the metastomial fuse together, and 
finally the whole four unite into a continuous ventral plate; 
analogous it would seem to the ventral plate of chaetopodan and 
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arthropodan embryos. The plate so formed g-radually extends 
itself so as to close over the dorsal surface, and to form a 
complete skin within the primitive larval skin, whicli at this 
period is richly ciliated, though the embryo is not yet hatched 


Fig. 92. Three stages in the development oe Linetis. (After Barvois.) 

A. Side view of an embryo at a very early stage as an opaque oliject. 

B and C. Two late stages, seen as transparent objects from the ventral surfiice. 
ae. archenteron; m. mouth; prostomial disc; /•o.d. metastomial disc; 

cs. lateral pit developing in B as a diverticulum from the cesophagus; /n prolioscis ; 
ms. muscular layer (?); Is. larval shin about to be thrown off; me. mesoblast; 
s£. stomach. 

(fig. 91 C). While these changes are taking place, there are 
budded off from the invaginated discs a number of jfiitty cells, 
which fill up the space between the discs and the archenteron, 
and eventually form the mesoblastic reticulum. During this 
stage the rudiment of the proboscis also makes its appearance as 
a solid process of epiblast, which grows backwards from the 
point of fusion of the two prostomial discs at the front end of 
the embryo (fig. 91 C, pr.). A lumen is excavated in it. at a 
later period. The lateral organs or cephalic pits arise in a 
somewhat unexpected fashion as a pair of diverticula from the 
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cjcsophagus (fig. 92 B, which soon fuse with the walls of the 
body at the junction of the prostomial and metastomial plates 
(fig. 92 C, cs.), although they remain for some time attached to 
the oesophagus by a solid cord. 

During these changes the original larval skin separates itself 
from the subjacent layer formed by the discs (fig. 92, B and C), 
and is soon thrown off completely, leaving the already ciliated 
(fig. 92 C) external layer of the invaginated discs as the external 
skin of the young Nemertine. During, and subsequently to, the 
casting off of the embryonic skin, important changes take place 
in the constitution of the various layers of the body, resulting in 
the formation of the vascular system and other mesoblastic 
organs, the nervous system, and the permanent alimentary tract. 
These changes appear to me to stand in need of further elucida- 
tion ; and the account below must be received with a certain 
amount of caution. 

It has been already stated that the two discs give rise to fatty cells, 
which occupy the space between the walls of the body and the archenteron. 
At the period of the casting off of the embryonic skin fresh changes take 
place. The discs become very much thickened, and then divide into two 
layers, which become the epidermis and subjacent muscular layers. The 
muscular layers arise in two masses, separated by the two cephalic sacks. 
The anterior mass is formed as an unpaii-ed anterior thickening, followed by 
two lateral thickenings. The posterior mass is much thinner*, in correspond- 
ence with the rapid elongation of the metastomial portion of the embryo. 

The cells originally split off from the discs undergo considerable changes, 
some of them arrange themselves around the proboscis as a definite mem- 
brane, which becomes the proboscidean sheath^ some also form a true 
splanchnic layer of mesoblast, and the remainder-, which are especially con- 
centrated during early embryonic life in the anterior parts of the body, form 
the general interstitial connective tissue. The cephalic ganglia are stated to 
become gradually differentiated in the prostomial mesoblast, and the two 
cords connected with them in the metastomial mesoblast. 

At the time when the larval skin is cast off the origirral mouth becomes 
closed, and it is not till some time afterwards that a permanent mouth is 
formed in the same situation. During the early part of embryonic life the 
intestine is lined with columnar cells, but, before the loss of the larval skin, 
the walls of the intestine undergo a peculiar metamorphosis. Their cells 
either fuse or become indistinguishable, and their protoplasm appears to 
become converted into yolk-spherules, which fill up the whole space within 

^ BLitschli for Pilidium regards these pits as formed by invaginations of the epiblast, 
but Mctsclinikoff .s statements are in accordance with those in the text. 
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the walls of the body, and are only prevented from extending*- forwards by 
a membrane of connective tissue.. This mass gradually forms itself into a 
distinct canal, lined by columnar cells, 

Pilidium. In the case of the true Piliclium type, the larva is 
hatched very early and leads the usual existence of surface 
larvae. A regular segmentation is followed by an invagination 
which does not however cause the complete obliteration of the 
segmentation cavity (fig. 93 A, 

The primitive alimentary tract so formed becomes divided 
into cesophageal and gastric regions (fig. 93 B, and s/.). Even 
while the invagination of the archenteron is proceeding, the 
larva becomes ciliated throughout, and assumes a somewhat 
conical form, the apex of the cone being opposite -the flat ventral 
surface on which the mouth is situated (fig. 93, A and B). From 



Fig. 93. Two stages in the development of Pilidium. (After Melschnikoff.) 

cu. archenteron cesophagus ,* st. stomach ; am. .amnion ; pr.d. proslomial disc ; 

pOn a* nieteistomiiil disc ; c, s, cephalic sack. 

the apex a flagellum projects in many forms, giving the larva a 
helmet-like appearance. In other forms a bunch of long cilia 
takes the place of the flagellum (fig. 94), and in others again the 
flagellum is not represented. After the completion of the inva- 
gination a lobe grows out on each side of the mouth, and less 
well developed lobes may appear anteriorly and posteriorly. 
Round the edge of the ventral surface a ciliated band makes its 
appearance. 
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Two pairs of invaginations of the skin, just as in the type of 
Desor, now make their appearance, one pair in front of and the 
other behind the mouth (fig. 93 B, pr,d. and poJ), and each of 

gradually grows Fio. 94. 

round the intestine A. Pilidium with an advanced nemertine 

of the Pilidium to Fipe embryo of the Nemertea in the 

form the skin of position it occupies in Pilidium. (Both after 
Biitschli.) 

the future Nemer- p„. 

tine. The outer bosds; lateral pit ; amnion ; nervous system, 
thin layer of each of the discs grows pari passu with the inner 
layer, and furnishes an amnion-like covering for the embryo 
which is forming within the Pilidium (fig. 94, aii). 

In connection with the young vermiform Nemertine there is 
formed on each side an outgrowth from the oesophagus (fig, 94) 
which is eventually placed in communication with the exterior 
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by a ciliated canal\ The proboscis arises as an hollow invagi- 
nation at the point where the two anterior discs fuse in front. 

When the young Ncmcrtine has become pretty well formed 
within the Pilidium it becomes ciliated, begins to move, and 
eventually frees itself and leads an independent existence, 
leaving its amnion in the Pilidium which continues to live for 
some time. 

The central nervous system (fig. 94) is developed either 
before or after the detachment of the young Nemertine, accord- 
ing to Metschnikoff as a thickening of the epiblast. The young 
Nemertine is at first without an anus. 

The development of the Nemertine within the Pilidium is 
clearly identical with that of the Lineus embryo within the 
larval skin ; the formation of an amnion in the Pilidium consti- 
tuting the only important difference which can be pointed out 
between the modes of origin of the young Nemertine in the two 
types. 

So far as is known the forms which develop in a Pilidium, or 
according to the type of Desor, all belong to the division of the 
Nemertines without stylets in the proboscis, known as the 
Anopla. 

Development without Metamorphosis, The majority of 
the Neniertea, including the whole (,?) of the Enopla, develop 
without a metamorphosis. The observations which have been 
made on this type are not very satisfactory, but appear to 
indicate that the formation of the hypoblast may take place 
either by invagination or by delamination. 

Invaginate types have been observed by Barrois (No. 192), Dieck (No. 
196) and Hubrecht. 

Barrois’ fullest observations were made on Ain^hii)ori{s laciijloreiis (one 
of the Enopla), and those of Dieck on Ccphalothrix galathea (one of the 
Anopla). 

A regular segmentation is followed by a blastosphere stage with a small 
segmentation cavity. In Barrois’ type the inner ends of the cells of the 
blastosphere are stated to fuse into a land of syncytium. A small invagina- 
tion takes place, and the cells which take part in it separate from the 

1 This is the view of both Metschnikoff (No. 202) and Leuckart and Pagcnstecher 
(No. 201), and is further confirmed by Barrois, but Biilschli (No. 193), though he has 
not observed the earliest stages of their outgrowth, believes them to be invaginations of 
theNemertineskin. ■ 
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epiblast, and then fuse with the syncytium within the blastosphere. Dieck 
finds that in Cephalothrix the invaginated mass simply vanishes. 

Barrois’ statements about the fusion of the syncytium derived from the 
epiblast cells with the invaginated cells must be regarded as very douljtful. 
The formation of the germinal layers takes place, according to Barrois, 
by the separation of the internal mass of cells into mesoblast and hypoblast. 
The proboscis is formed, according to this author, from the mesoblastic 
tissues. Dieck, on the other hand, with gi'eater probability, states that the 
proboscis is formed by an invagination. In Cephalothrix a further point 
deserves notice, in that the whole of the primitive epiblast becomes shed. 
In this fact there may perhaps be recognised the last trace of a metamor- 
phosis like that in the type of Desor. 

Delaminate types have been studied by Barrois (No. 192) and Hoffman 
(No. 198), both of whom give circumstantial accounts of their develop- 
ment. 

Hoffman’s account is especially deserving of attention, since his observa- 
tions were, to a great extent, made by means of artificial sections. The 
following account is taken from him. His observations were made on 
Tetrastemma varicolor, and Tetrastemma appears to be the genus in which 
this type of development has been most completely made out. After a 
regular segmentation the embryo forms a solid mass of cells, the outermost 
of which soon become distinguished as a separate epiblastic layer. At the 
same time the larva leaves the egg, and the epiblast cells become coated by 
an uniform covering of cilia. At the anterior extremity of the body is a 
bunch of long cilia ; and at the hinder end two stiff bristles are formed, but 
soon disappear. 

The internal mass of cells is still cpiite uniform, but as the larva grows in 
length the outermost of them arrange themselves as a columnar layer, 
constituting the mesoblast. Of the cells internal to the mesoblast the outer 
become columnar, and are converted into the walls of the alimentary tract, 
while the inner ones undergo fatty degeneration, and form a kind of food- 
yolk. In the later development the characters of the adult are gradually 
acquired without metamorphosis, and the larval skin passes directly into 
that of the adult. Both mouth and anus are formed nearly simultaneously 
by a rupture of the enteric wall from within. The nervous system arises as 
a thickening of the epiblast, which Hoffman states he has been able to see 
in sections. Hoffman also states that the epithelium of the proboscis is 
formed as a diverticulum of the alimentary tract, and that its sheath is 
formed by a special mesoblastic growth. 

Barrois is less precise than Hoffman, from whom he differs in certain 
particulars. Hoffman’s statements about the proboscis are important if 
accurate, but require further confirmation. 

Malacobdella. The early stages in development of the peculiar ecto- 
parasitic Nemertine Malacobdella have been worked by Hoffman (No. 199) 
by means of sections, and there appeai-s to be a close agreement between 
the development of Malacobdella and that of Tetrastemma. 

The segmentation is uniform, and there is no trace of a segmentation 
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cavity. On the third day after impregnation the outermost cells of the 
embryo become flattened and ciliated, and distinguished from the remain- 
ing spherical cells of the embryo as the epiblast. With the appearance 
of cilia a rotation of the embryo commences. On the fourth day the 
embryo becomes oval, and at one of the poles— the future anal pole — a 
separation takes place between the epiblast and the inner cells, giving rise 
to the body cavity. In it are a number of loose oval cells, which soon 
become stellate, and form a mesoblastic reticulum connecting the body-wall 
and central cells of the embryo, which may now be spoken of as hypoblast. 
The body-cavity increases in size, leaving at last the hypoblast and epiblast 
united only at one point— the oral pole— at which, on the fifth day, a crown 
of long cilia appears. The solid mass of hypoblast in the interior becomes 
differentiated into an outer layer of cells — the true glandular epithelium of 
the alimentary tract— and an inner core, the ceils of which soon undergo 
fatty degeneration, and serve as food-yolk. 

The later stages of development, and the formation of the proboscis, 
etc., have not been worked out. 

G-eneral considerations. Of the types of larva: hitherto 
found amongst the Nemertea, those with a metamorphosis, viz. 
the Pilidium type and that of Desor, are to be regarded as the 
primitive. But even in Pilidium there are evidences of a great 
abbreviation in development. Pilidium itself is probably a more 
or less modified ancestral form, while the peculiar development of 
the Nemertine within it is to be explained as a very much short- 
ened record of a long series of changes by which the Pilidium be- 
came gradually converted into a Nemertine. The formation of 
the body wall of the Nemertine by four epiblastic invaginations 
is a remarkable embryological phenomenon, for which it is not 
easy to assign a satisfactory meaning ; and it is probable that it is 
merely a secondaiy process of growth similar to the formation of 
imaginal discs in the larvm of Diptera (vide Chapter on Trache- 
ata), which has had its origin in the abbreviation of the develop- 
ment just alluded to. The development on the type of Desor is 
clearly a simplification of the Pilidium type, and its peculiarities 
are to be explained by the fact that the first larval form has no 
free existence. The types without metamorphosis have no doubt 
a development of a still more simplified character ; they are re- 
markable however in presenting us, if the existing descriptions 
aie to be trusted, with examples of delamination and invagination 
coexisting in closely allied forms. 
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Trematoda. 

The egg’s of the Trematoda consist of a germ or true ovum 
enclosed in a mass of yolk cells, which undergo disintegration 
and subsequent absorption at varying periods of the develop- 
ment. J'roni the observations of E. van Beneden (No, 218), 
Zeller (No. 217), etc. it is known that the segmentation is 
usually complete, but generally somewhat irregular. 

Unfortunately we are still completely in the dark as to the 
mode of formation of the germinal layers. The embryos of the 
entoparasitic forms or Distomeae become free in a very imperfect 
condition, and the ova are small ; while in the Polystome^ the 
development is as a rule nearly completed before hatching, and 
the ova are large. It will be convenient to treat separately the 
development of the two groups. 

Distomeae. The embryos of the Distomeae are hatched 
either in some moist place or more usually in water. In the 
majority of genera the larvae pass through a complicated meta- 
morphosis, accompanied by alternations of generations. But for 
some genera, e.£\ Holostomum, etc., the life history has not yet 
been made out. The whole life history of comparatively few 
forms has been followed, but sufficient fragments are known 
to justify us in making certain general statements, which no 
doubt hold true for a large proportion of the Distomeae. 

The larvae are usually ciliated (fig. 95 A), but sometimes 
naked. 

The ciliated forms are generally completely covei'ed with cilia, but in 
Distomuin lanceolatimi the cilia are confined to an area at the front end of 
the body, in the centre of which a median spine is placed. An x shaped 
pigment spot, sometimes provided with a rudimentary lens {Monostomiim 
mutabile), is also generally situated on the dorsal surface. 

In some intances a more or less completely developed alimentary tract is 
present {Monostormim capitellum^ Amphistoimim subclavatum), but usually 
there can only be distinguished in the interior of the larva a transparent 
mass of cells bounded by a more or less distinctly marked body wall with 
ciliated excretory channels. 

Ed. van Beneden has shewn that the ciliated covering is developed 
while the embryo is still in the egg, and long before the yolk cells are com- 
pletely absorbed. It would seem that even before hatching this ciliated 
covering is to a great extent independent of the mass within. In the 
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larva of Monostomum inutabile (fig. 95 A), which offers an example of 
an extreme case of the kind, there is present within the ciliated epidermis 
a fully-developed independent worm. 

The non-ciliated larvm are less highly organized than the ciliated forms, 
and are covered by a cuticle : their anterior extremity is sometimes provided 
with a circular plate armed with radiate ridges and spines. 

The free-swimming or creeping embryos make their way into 
or on to the body of some invertebrate (occasionally vertebrate) 
form, usually a Mollusc, to undergo the first stage in their 
metamorphosis. They may either do this on the gills of their 
host, or very frequently they bore their way into the interior of 
the body. Soon after the larvae have reached a satisfactory 
position the epidermis becomes stripped off, and there emerges a 
second larval form developed in the interior of the first larva, 
much as a Nemertine is developed within the larva of Desor. 
In the case of Monostomum mutabile the new worm is, as 
stated above, fully formed within the ciliated larva at the time 
of hatching. 

The worm which proceeds from the above metamorphosis 
has different characters corresponding with those of the larva 
from which it proceeded. If the original larva had an alimen- 
tary canal it has one also, and then grows into the form known 
as a Redia (Fig. 95, B and C). 

The Redia has anteriorly a mouth leading into a muscular 
pharynx and thence into a caecal stomach. Posteriorly the body 
is prolonged into a kind of blunt caudal process, at the com- 
mencement of wdaich are a pair of .lateral papillae. There is a 
perivisceral cavity, and the body walls are traversed by excretory 
tubes. 

If the original larva is without an alimentary tract, the 
second form becomes what is known as a Sporocyst. The 
Sporocyst is a simple elongated sack with a central body cavity ; 
when derived from the metamorphosis of a ciliated embryo its 
walls are provided with excretory tubes, but such tubes are 
absent in Sporocysts developed from non-ciliated larvm. Some 
Sporocysts send out numerous branches amongst the viscera of 
their hosts. 

The Redim and Sporocysts rapidly grow in size and some- 
times increase by transverse division. In the course of their 
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farther development one of two things may happen. They may 
either (i) develop fresh Redise or Sporocysts by a process of 
internal budding (fig. 95 C) ; or else (2) there may be formed in 
them, by an analogous pro- 
cess, larvm with long tails 
known as Cercarige (fig. 95 
D.) The direct develop- 
ment of Cercarim is the 
usual course, though in 
Distomum globipamm the 
reverse is true ; but where 
this does not take place the 
Rediae or Sporocysts of the 
second generation give rise 
to Cercariae. 

The Cercariffi are deve- 
loped from spherical masses 
of cells found in the body 
cavity of the Sporocyst or 
Redia. The exact origin of 
these masses is still some- 
what obscure, but they are 
stated by Wagener (No. 21 2 ) 
to be derived from the body wall. They are probably to be 
regarded as internal buds. 

The spherical bodies grow rapidly in size, their posterior 
extremity is prolonged into a process which forms the tail, while 
the anterior part forms the trunk. When fully formed (fig. 95 E), 
the trunk has very much the organization of an adult Distomum. 
There is an anterior and a ventral sucker, the former of which 
contains the opening of the mouth, and is often provided with a 
special chitinous armature. The mouth leads into a muscular 
pharynx, and this into a bilobed caecal alimentary tract. An 
excretory system of the ordinary type is present, consisting of 
longitudinal contractile trunks continuous anteriorly with branch- 
ed ciliated canals, which, as has recently been shewn by Biitschli, 
may be provided with funnel-shaped ciliated internal openings h 

1 O. Biitschli, “ Bemerkungen ub. d, excretorischen Gefassapparat d. Trcmatodeii.” 
Zoologischer Anzciger, 1879, No. 42. 


Fig. 95. Various stages in the Meta- 
morphosis OF THE Distome/E (from Huxley.) 

A. Ciliated larva of Monostomnm muta- 
bile. a. larval skin. b. Redia developed 
within it. B. Redia of Monostomnm muta- 
bile. C. Redia of Distomum pacificum, with 
germs of a second brood of Redire. D. Redia 
containing Cercarire. E. Cercaria, F'. Full- 
grown Distomum. 
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The contractile trunksS unite posteriorly, but instead of opening 
directly to the exterior are prolonged into a vessel which 
traverses the substance of the tail, and after a longer or shorter 
course bifurcates into two branches which open laterally. 

The tail is provided with an axial rod of hyaline connective 
tissue, like the notochord of the tail of a larval Ascidian, and is 
frequently provided -with membranous expansions. It is used as 
a swimming organ. Beneatli the epidermis are layers of circular 
and longitudinal muscular fibres, the latter arranged in the tail 
as two bands. 

The Cercarise when fully developed leave the Sporocyst or 
Redia, and then their host, and become free. In most Redi?e 
there is a special opening, not far from the mouth, by which they 
pass out. There is no such opening in Sporocysts, but the 
CercariiE bore their way through the walls. 

After leaving their parent the Cercariae pass into the external 
medium, and for a short period have a free existence. They 
soon however enter a new host, making their way into its body 
by a process of boring, which is effected by the head (especially 
when armed with chitinous processes) assisted by movements of 
the tail. 

The second host is usually some Invertebrate (Mollusc, 
Worm, Crustacean, Insect larva, &c.), but occasionally a Fish or 
Amphibian or even a vegetable. The tail is very often lost as 
the Cercaria bores its way into its host, but whether it is so or 
not, the Cercaria, after it has once reached a suitable post in its 
new host, assumes a quiescent condition, and surrounds itself 
with a many-layered capsule. The cephalic armature and tail 
(if still present) are then exuviated, and the generative organs 
gradually become apparent though very small. In other respects 
the organization is not much altered. 

Though an encysted Cercaria may remain some months 
without further change, it eventually dies unless it be introduced 
into its permanent vertebrate host, an act which is usually 
effected by the host in which it is encysted being devoured. 
It then becomes freed from its capsule as a fully formed Trema- 
tode, in which the generative organs rapidly complete their 
development 

In some cases the Redise or Sporocysts do not give rise to 
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tailed CercariEe, but to tailless forms. In such cases, as a rule, 
the encystment takes place in the host of the Redia or Sporocyst, 
but the tailless larvse sometimes pass through a free stage like 
the Cercarias. In the case of Distomum parasitic in 

the bladder of the Frog, the Cercaria passes directly into the 
adult host without the intervention of an intermediate host. 

The life history of a typical entoparasitic Trematode is shortly 
as follows : 

(i ) It leaves the egg as a ciliated or non- ciliated free larva. 

(2) This larva makes its way on to the gills or into the 
body of some Mollusc or other host, throws off its epidermis and 
becomes a Redia or Sporocyst. 

(3) In the body cavity of the Redia or Sporocyst nume- 
rous tailed larvae, known as Cercariae, are developed by a process 
of internal gemmation. 

(4) The Cercariae pass out of the body of their parent, 
and out of their host, and become for a short time free. They 
then pass into a second, usuall)^ invertebrate host, and encyst. 

(5) If their second host is swalloAved by the vertebrate 
host of the adult of the species, the encysted forms become free, 
and attain to sexual maturity. 

The majority of these stages are simply parts of a complicated 
metamorphosis, but in the coexistence of larval budding (giving 
rise to Cercariae or fresh Rediae) with true sexual reproduction 
there is in addition a true alternation of generations. 

Polystomese. The ova of the Polystomeae are usually large 
and not very numerous, and they are in most cases provided 
with some process for attachment. Some species of Polystomeae, 
e.g. Gyrodactylus, are however viviparous. The young leave the 
egg in a nearly perfect state, and at the utmost undergo a slight 
metamorphosis and no alternations of generations. Some how- 
ever (Polystomum, Diplozoon) are provided with temporary cilia, 
but the number investigated is too small to determine whether 
ciliation is the rule or the exception. The ciliated larvae have a 
short free existence. The cilia are developed on special cells 
which may be arranged in transverse bands in the same way as 
in the larvae of many Chcetopods, but are not, in the larvae at 
present knoAvn, distributed uniformly. When _ the Tree larvae 
become parasitic the cells with cilia shrink up. 
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In Polystomum iniegerrinmm, which lives in the urinary bladder of Raita 
tanporaria^ the eggs when laid in the spring pass out into the water. The 
segmentation is complete, and the embryo when hatched is provided with 
most of the adult organs, but presents certain striking larval characters. 
It has five rings of ciliated cells. Three of these are placed anteriorly, and 
are especially developed on the ventral surface, the posterior one being 
incomplete dorsally; two are placed posteriorly, and are especially devel- 
oped on the dorsal surface. Anteriorly there is a tuft of cilia. 

The larva itself resembles somewhat an adult Gyrodactylus, and is pro- 
vided (i) with a large posterior disc armed with hooks, and ( 2 ) with two 
pairs of eyes which persist in the adult state. After a certain period of free 
existence the larva attaches itself to the gills of a tadpole. The rings of cili- 
ated cells shrink up, and some of the six pairs of suckers found in the adult 
commence to be formed on the posterior disc. When the bladder of the tad- 
pole is developed, the young Polystomum passes down the alimentary tract to 
the cloaca, and thence to the urinary bladder, where it slowly attains to sexual 
maturity. When the larva becomes attached to the gills of a very young 
tadpole, its development is somewhat more rapid in consequence of better 
nutrition from the more delicate gills. It then reaches its full development 
in the gill cavity, and, though smaller and provided with differently 
organised generative organs to the normal form, produces generative pro- 
ducts and dies without being transported to the bladder (vide Zeller, 
Nos. 216 and 217). 

The ova of Diplozoon, a form parasitic on the gills of freshwater fish 
(Phoxinus, etc.), are provided with a long spiral filament (Zeller, No. 215). 
The embt^o has five ciliated areas, four lateral and one posterior. The 
young form is known as Diporpa. Sexual maturity is not attained till two 
individuals unite permanently together. They unite by the ventral sucker 
of each of them becoming attached to the dorsal papilla of the other. Sub- 
sequently these parts coalesce, and the ventral suckers disappear in the 
process. Gyrodactylus, parasitic, like Diplozoon, on the gills of freshwater 
fishes (Gasterosteus, etc.), is remarkable for its mode of reproduction. It is 
viviparous, producing a single young one at a time, and, what is still more 
remarkable, the young while still within its parent produces a young one, 
and this again a young one, so that three generations may be present within 
the parent. It seems probable that the second and third generations are 
produced asexually, the generative organs not being developed ; w’hile the 
young Gyrodactylus of the first generation springs from a fertilized ovum 
(Wagener, No. 214). 

Cestoda. 

On anatomical grounds the affinity of the Gestoda to the 
Trematoda has been insisted on by the majority of anatomists. 
The existence of such intermediate forms as Amphilina tends to 
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strengthen this view; and the striking resemblances between 
the two groups in the structure of the egg and characters of 
the metamorphosis appear to me to remove all doubt about the 
matter. 

The ripe egg is formed of a minute germ enveloped in yolk 
cells, the whole being surrounded by a membrane, which is very 
delicate in most forms, but in certain types has a firmer consist- 
ency, and is provided with an aperture, covered by an operculum, 
by which the larva escapes. 

The early development, up to the formation of a six-hooked 
larva, generally takes place in the uterus, but in the types with a 
firmer egg-shell it takes place after the egg has been deposited 
in water. 

The segmentation (E. van Beneden, No. 218, Metschnikoff, 
No. 228) is complete, and during its occurrence the yolk cells 
surrounding the germ are graduall}?’ absorbed, so that the mass 
of segmentation spheres grows in size, till at the close of segmen- 
tation it fills up nearly the whole egg-shell. 

As was first shewn by Kolliker for Bothriocephalus salmonis, 
the embryonic cells separate themselves at the close of segmen- 
tation into a superficial layer and a central mass. 

The further development takes place on two types. In the 
cases where the egg-shell is strong, and the egg is laid prior to 
the formation of the embryo, a ciliated larva is developed (Bo- 
thriocephalus latus, ditremus, Schistocephalus dimorphus, Ligula 
simplicissima, etc.^). 

Of these forms Bothriocephalus latus may be taken as type. 

The development of the embryo requires many months for 
its completion. The outer layer becomes ciliated while the 
central mass has already become developed into a six-hooked 
embryo. The embryo leaves its shell by the opercular aperture, 
and for some time swims rapidly about by means of its long cilia. 
The ciliated coating is eventually stripped off, and the six-hooked 
larva emerges. 

In the second type of embryo the external cellular layer does 
not become ciliated. This is the most usual arrangement, and is 
even found in many species of Bothriocephalus, 

1 Vide for list of such forms at present known Willeinoes Sulim, No. 231. 
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The central mass of cells becomes developed, as in the other 
type, into a six-hooked (rarely four-hooked) embryo (fig. 96 G), 
but the superficial layer separates from the central, and either 
disappears or becomes {Bothriocephahis proboscidens) a cuticular 
layer. Between the six-hooked embryo and the outer layer of 
cells one or more thick membranes become deposited (K. van 
Beneden). The eggs are carried out of the alimentary canal in 
the proglottis and transported to various situations on land or 
in water. They usually remain within the proglottis, invested 
by their thick shell, till taken up into the alimentary canal of 
a suitable host, or they may be swallowed after the death and 
decay of the proglottis. They are subsequently hatched after 
their shell has become softened by the action of the digestive 
fluids. 

Before proceeding to describe their further history, the close 
resemblance between the first developmental stages of Cestoda, 
especially in the case of the ciliated larvm, and those of Trema- 
toda, may be pointed out. 

In both there is a ciliated larva, and in both there is developed 



Fig. 96. Diagrams of various stages in the ueveropment of the 
Cestoda. (From Huxley.) 

A, Cysticercus. R, .md C. Cysticerci in the everted (B) and inverted (C) con- 
dition. D. Ceenurus, E. and F. Diagrams of Echinococcus. It is most probable that 
Dmnia heads are not developed directly from the wall of the cyst as represented in 
the diagram. G. Six-hooked embryo, 

within the ciliated skin a second larva, which becomes freed by 
the stripping off of the ciliated skin. 

The type of development has moreover many analogies with 
that of the Nemertine larva of Desor, p. 163 (cf. Metschnikoff), 
and is probably like that an abbreviated record of a long history. 

I he suitable host for the six-hooked embryo to enter is 
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rarely the same as the host for the sexual form. The embryos 
having become transported into the alimentary canal of such a 
host, and become free, if previously invested by the egg-shell, 
soon make their way, apparently by the help of their hooks, 
through the wall of the alimentary tract, and are transported in 
the blood or otherwise into some suitable place for them to 
undergo their next transformation. This place may be the liver, 
lungs, muscles, connective tissue, or even the brain (e.g. Cmiurus 
cerebralis in the brain of sheep). 

Here they become enclosed in a granular deposit from the 
surrounding tissues, which becomes in its turn enclosed in a con- 
nective-tissue coat. Within lies the solid embryo, the hooks of 
which in many cases disappear or become impossible to make 
out. In other forms, e.g. Cysticercics limacis, they remain visible, 
and then mark the anterior pole of the worm (fig. 98, c). The 
central part of the body next becomes transformed into a material 
composed of clear non-nucleated vesicles. Accompanying these 
changes the embryo grows rapidly in size ; a cuticle is deposited 
by its outer layer, in which also an external layer of circular 
muscular fibres and an internal layer of longitudinal fibres become 
differentiated, and internal to both there is formed a layer of 
granular cells. 

With the rapid growth of the body a central cavity is formed, 
which becomes filled with fluid, and the embryo as.sumes the form 
of a vesicle. At the same time a system of excretory vessels, 
sometimes opening by a posterior pore, becomes visible in the 
wall of the vesicle. 

The embryo has now reached a condition in which it is known 
as a cystic- or bladder-worm, and maybe compared in almost 
every respect with the sporocyst of a Trematode (Huxley). 

The next important change consists in the development of a 
head, which becomes the head of the adult Tmnia. This is 
formed in an involution of the outer wall of the anterior ex- 
tremity of the cystic w?orm. This involution forms a papilliform 
projection on the inner surface of the wall of the cystic worm, 
with an axial cavity opening by a pore on the outer surface. 
The layer of cells forming the papilla soon becomes divided 
into two laminae, of which the outer forms a kind of investing 
membrane for the papilla. The papilla itself now becomes 
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moulded into a Cestode head, which however is developed in 
an inverted position. The suckers and hooks 
(when present) of the head are developed on a 
surface bounding the axial lumen of the papilla, 
which is the true morphological outer surface, 
while the apparent outer surface of the papilla 
is that which eventually forms the interior of 
the (at first) hollow head. Before the external 
armature of the head has become established, 
four longitudinal excretory vessels, continuous 
with those in the body of the cystic worm, make 
their appearance. They are united by a circular 
vessel at the apex of the head. The develop- 
ment is by no means completed with the simple 
growth of the head, but the whole inverted papilla coi:itinues to 
grow in length, and gives rise to what afterwards becomes part 
of the trunk. The whole papilla eventually becomes everted, 
and then the cystic worm takes the form (fig. 97) of a head and 
unsegmented trunk with a vesicle — the body of the cystic worm 
— attached behind. The whole larva is known as a Cysticercus. 
The term sco lex, which is also sometimes employed, may be 
conveniently retained for the head and trunk only. The head 
differs mainly from that of the adult in being hollow. 


TIC15RCUS CEI.LTJ- 
Los.K. (From Ge- 
gcnbaiir, .alter von 
Siebold.) 

n. Caudal ve- 
•■iicle. c. Anterior 
part of body, d. 


There are great variations in the relative size of the head and the 
vesicle of Cysticerci. In some forms the 
vesicle is very small (fig. g8), e.g, Cysticercus 
Umacis; it is medium-sized in Cysticercus 
cellulosce (fig. 97), and in some forms is much 
larger. The embryonic hooks, when they 
persist, are found at the junction of the trunk 
and the vesicle (fig. 98 A, c). Though the 
majority of cystic worms only develope one 
head, this is not invariably the case. There 
is a cystic worm found in the brain of the 
sheep known as Cccnurtis cerebralis—^Qlax'is. 
of Tcenia ccennrus, parasitic in the intestine 
of the dog — which forms an exception to this 
rule- There appears, to start with, a tuft of 
three or four heads, and finally many hun- 
dred heads are developed (fig. 96 D). They 



Fig. 9S. Cysticercu.s 

WITH SMALL CAIUJAL VI5SICLE. 

A. Head involuted. B. 
Head everted. 

a. Scolex. l>. caudal ve.sicle. 
C- (in A) six embryonic hooks. 


are arranged in groups at one (the anterior?) pole of the cystic worm. 
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A still more complicated form of cystic worm is that known as Echino- 
coccus, parasitic in the liver, lungs, etc. of man and various domestic Un- 
gulata. In the adult state it is known as Tania echinococcus and infests 
the intestine of the dog. The cystic worm developed from the six-hooked 
embryo has usually a spherical form, and is invested in a very thick cuticle 
(fig. 96 E and F, and fig. 99). It does not itself directly give rise to Tmnia 
heads, but after it reaches a certain size there are formed on the inner 
side of its walls small protuberances, which soon grow out into vesicles 
connected with the walls of the cyst by narrow stalks (figs. 96 F and 99 C). 
In the interior of these vesicles a cuticle is developed. It is in these 
secondary vesicles that the heads originate. According to Leuckart, they 
either arise as outgrowths of the wall of the vesicle on the inner face 
of which the armature is developed, which subsequently become involuted 
and remain attached to the wall of the vesicle by a narrow stalk, or they 
arise from the first as papilliform projections into the lumen of the vesicle, 
on the outer side of which the armature is formed. Recent observers only 
admit the second of these modes of development. The Echinococcus larva, 
in addition to giving rise to the above head-producing vesicles, also gives 
rise by budding to fresh cysts, which resemble in all respects the parent 
cyst. These cysts may either be detached in the interior (fig. 96 F) of 
the parent or externally. They appear to spring in most cases from the 
walls of the parent cyst, but there are some discrepancies between the 
various accounts of the process. In the cysts of the second generation 
vesicles are produced in which new heads are formed. As the primitive 
cyst grows, it naturally becomes more and more complicated, and the num- 
ber of heads to which one larva may give rise becomes in this way almost 
unlimited, 

Cysticerci may remain a long time without further develop- 
ment, and human beings have been known to be infested with 
an Echinococcus cyst for over thirty years. When however the 
Cysticercus with its head is fully developed, it is in a condition 
to be carried into its final host. This takes place by the part of 
one animal infested with cysticerci becoming eaten by the host 
in question. In the alimentary canal of the final host the con- 
nective-tissue capsule is digested, and then the vesicular caudal 
appendage undergoes the same fate, while the head, with its 
suckers and hooks, attaches itself to the walls of the intestine. 
The head and rudimentary trunk, which have been up to this 
time hollow, now become solid by the deposition of an axial 
tissue; and the trunk very soon becomes divided into segments, 
known as proglottides (fig. 99 A). These segments are not 
formed in the same succession as those of Cheetopods ; the 
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youngest of them is that nearest to the head, and the oldest 
that furthest removed from it. Each segment appears in foot 
to be a sexual individual, and is 
capable of becoming detached and 
leading for some time an indepen- 
dent existence. In some cases, 
e.g. Cysticerciis fasciolaris, the seg- 
mentation of the trunk may take 
place while the larva is still in its 
intermediate host. 

The stages in the evolution of 
the Cestoda are shortly as follows : 

1. Stage with embryonic epi- 
dermis either ciliated (Bothrioce- 
phaliis, etc.) or still enclosed in the 
egg-shell. This stage corresponds 
to the ciliated larval stage of the 
Trematoda. 

2. Six-hooked embryonic stage 
after the embryonic epidermis has 
been thrown off. During this stage 
the embryo is transported into the 
alimentary tract of its intermediate 
host, and boring its way into the 
tissues, becomes encapsuled. 

3. It develops during the en- 

capsuled state into a cystic worm, 'H^-mbranous wall of primary 
, . . , , , . cyst. c. and e. scolex heads, d. 

equivalent to the sporocyst of secondary cyst. 

Trematoda. 

4. The cystic worm while still encapsuled develops a head 
with suckers and hooks, becoming a Cysticerciis. In some forms 
{Cmiiirns, Echmococcus) reproduction by budding takes place at 
this stage. The head and trunk are known as the scolcx. 

5. The Cysticercus is transported into the second and 
permanent host by the infested tissue being eaten. The bladder- 
like remains of the cystic worm are then digested, and by a 
process of successive budding a chain of sexual proglottides are 
formed from the head, which remains asexual. 

The above development is to be regarded as a case of 



Fig. 99. Echinococcu.s viiTK- 
RINOUUM. (From Hii.xltiy.) 

A. Tmnia head or scolex. a, 
hooLs. b. .sucker.s. c. cilia in 
water vessel, d. refracting parti- 
cle.s in body wall. 

B. single hook,s. 

C. portion of cyst. a. cuticle. 
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complicated metamorphosis secondarily produced by the neces- 
sities of a parasitic condition, to which an alternation of sexual 
and gemmiparous generations 
has been added. The alter- ^ 
nation of generations only 
occurs at the last stage of the 
development, when the so- g 
called head, without generative 
organs, produces by budding 
a chain of sexual forms, the 
embryos of which, after pass- 
ing through a complicated 

metamorphosis, again become A, I^L'^iSwItliripepmgloiUdes. 
Cestode heads. 

In the case of Coenurus and Echinococcus two or more 
asexual generations are interpolated between the sexual ones. 
It is not quite clear whether the production of the Tmnia head 
from the cystic worm may not be regarded as a case of budding. 
There are some grounds for comparing the scolex to the Cercaria 
of Trematodes, cf. Archigetes. 

As might be anticipated from the character of the Cestode metamor- 
phosis, the two hosts required for the development are usually forms so 
related that the final host feeds upon the intermediate host. As familiar 
examples of this may be cited the pig, the muscles of which may be 
infested by Cystice^'cus ccllulosce, which becomes the Tmiia solium of man. 
Similarly a Cysticercus infesting the muscles of the ox becomes the Tania 
nit’diocanellaia of man. The Cysticercus pisciformis of the rabbit becomes 
the Tania serrata of the dog. The Cccmirus cercbralis of the sheep’s 
brain becomes the Tcenia ccenurtis of the dog. The Echinococcus of man 
and the domestic herbivores becomes the Tania echinococcus of the dog. 

Cystic worms infest not only Mammalian forms, but lower Vertebrates, 
various fishes which form the food of other fishes, and Invertebrates liable 
to be preyed on by vertebrate hosts. So far the Cestodes (except Archi- 
getes) are only known to attain sexual maturity in the alimentary tracts of 
Vertebrata. 

The rule that the intermediate host is not the same as the final host does 
not appear to be without exception. Redon^ has shewn by experiments 
on himself that a Cysticercus {celhdosa) taken from a human subject 
developes into Tania solium in the intestines of a man, Redon took 
four cysts of a Cysticercus from a human subject, and after three months 
passed some proglottides, and subsequently the head of Tania solium. 

1 Awwa/, jYa/., 6th Series, Vol. vr. 1877. 



Fig. 99 A. Tetrarhyncus. (From. 
Gegenbaiir; after Van Beneden.) 
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Some important variations of the typical development are known. 

The so-called head or scolex may be formed without the intervention 
of a cystic stage. In Archigetes (Leuckart, No. 227), which infests, in 
the Cysticercus condition, the body-cavity of various invertebrate forms 
(Tubifex, etc.), the six-hooked embryo becomes elongated and divided into 
two sections, one forming the head, while the other, with the six embryonic 
hooks, forms an appendage, homologous with the caudal vesicle of other 
Cysticerci. 

The embryo of Tmiia elliptica similarly gives rise to a Cysticercus 
infesting the dog-louse {^Trichodectes cauis), without passing through a 
vesicular condition ; but the caudal vesicle disappears, so that it forms 
simply a scolex. These cases may, it appears to me, be probably regarded 
as more primitive than the ordinary ones, where the cystic condition has 
become exaggerated as an effect of a parasitic life. 

In some cases the larva of a Tmnia has a free existence in the scolex 
condition. Such a form, the larva of Phyllobothrium, has been observed by 
Claparedek It was not ciliated, and was without a caudal vesicle; and 
was no doubt actively migrating from an intermediate host to its permanent 
host. 

Scolex forms, without a caudal vesicle, are found in the mantle cavity 
of Cephalopoda, and appear to be occupying an intermediate host in their 
passage from the host of the cystic worm to that of the sexual form. 

Archigetes, already mentioned, has been shewn by Leuckart (No. 227) 
to become sexually mature in the Cysticercus state, and thus affords an 
interesting example of psedogenesis. It is not known for certain whether 
under normal circumstances it reaches the mature state in another host. 

Amphilina, The early stages of this interesting form have been 
investigated by Salensky (No. 229), and exhibit clear affinities to those of 
the true Cestoda. An embryonic provisional skin is formed as in Cestodes ; 
and pole-cells also appear. Within the provisional skin is formed an 
embryo with ten hooks. After hatching the provisional skin is at once 
thrown off, and the larva, which is then covered by a layer of very 
fine cilia, becomes free. The further raetamoi-phosis is not known. 
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CHAPTER VITL 


ROTIFERA. 

For many reasons a complete knowledge of the ontogeny of 
the Rotifera is desirable. They constitute a group which retain 
in the trochal disc an organ common to the embryos of many 
other groups, but which in ntost other instances is lost in the 
adult state. In the character of the excretory organs they 
exhibit affinities with the Platyelminthes, while in other respects 
they possibly approach the Arthropoda Ped’alion ,?). The 
interesting Trochosplicera asqnatorialis of Semper closely re- 
sembles a monotrochal polychastous larva. 

Up to the present time our embryological knowledge is 
mainly confined to a series of observations by Salensky on 
Brachionus urceolaris, and to scattered statements on other larval 
-4r' forms by Huxley, etc. 

In many cases Rotifers lay summer and winter eggs of a 
different character. The former are always provided with a thin 
membrane, and frequently undergo development within the 
oviduct. They are hatched in the autumn. The winter eggs 
are always provided with a thick shell. 

The summer eggs are of two kinds, viz. smaller eggs which 
become males, and larger, females. On the authority of Cohn 
(No. 232) they are believed to develope parthenogenetically. 
Males are not found in summer, and only seem to be produced 
from the summer eggs. Cohn’s observations, especially on 
Conochilus volvox, are however not quite satisfactory. Huxley 
(No. 234) came to the conclusion that the winter eggs of Lacinu- 
laria developed without previous fertilization. 

The following are the more important results of Salensky’s 
on Brachionus iirceolm'is. 

The ovum is attached by a short stalk to the hind end of the 
^ body of the female, in which position it undergoes its develop- 

ment. It will be convenient to treat separately the development 
of the female and male, and to commence with the former. The 
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female ovum divides into two unequal spheres, of which the 
smaller in the subsequent stages segments more rapidly than the 
larger. The segmentation ends with the formation of an epibolic 
gastrula. The solid inner mass of cells derived from the larger 
sphere constitutes the hypoblast, and is more granular than the 
epiblast The evolution of the embryo commences with the 
formation of a depression on the ventral surface, at the bottom 
of which the stomodmum is formed by an invagination. At the 
hinder part of the depression there rises up a rounded protuber- 
ance which eventually becomes the caudal appendage or foot, 
Immediately behind the mouth is formed an underlip. 

On the sides of the ventral depression are two ridges which 
form the lateral boundaries of the trochal disc. They appear to 
unite with the under lip. 

In a later stage the anterior part of the body becomes marked 
off from the posterior as a praeoral lobe, and the hypoblast is at 
the same time confined to the posterior part. The supra-oeso- 
phageal ganglion is earl}^ formed as an epiblastic thickening on 
the dorsal side of the praeoral lobe. 

The first cilia to appear arise at the apex of the praeoral lobe. 
At a later period the lateral 
ridges of the trochal disc meet 
dorsally and so enclose the prae- 
oral lobe. They then become 
coated by a ring of cilia, to which 
a second ring, completing the 
double ring of the adult, is added 
later. 

In the trunk an indication of 


ovary; laii, t.e, 
foot ; tr. trochal disc ; sg. supra-oeso- 
phageal ganglion. 


a division into two segments 
makes its appearance shortly 
after the development of the 
prseoral lobe. Before this period 
the proctodaeum is established as 
a shallow pit immediately behind 
the insertion of the foot. The 
latter structure soon becomes 
pointed and forked (fig. loo, i). 

The complete establishment 
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Fig. roo. Embryo of Braci-iio- 

NUS URCF.OLARIS SHORTLY BEFORE IT 

IS hatched. (After Salensky.) 

m. mouth ; masticatory appa- 
ratus; m&. mesenteron ; «•«. anus ; Id. 
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of the alimentary canal occurs late. The stomodaeura (fig. lOo) 
^ gives rise to the mouth (m), oesophagus and masticatory appara- 

tus (ms). The mesenteron is formed from the median part of 
the hypoblast ; the lateral parts of which appear to give rise to 
the great lateral glandular structures (Id) which open into the 
stomach, and to the ovaries (i*) (oz') etc. The proctodaeum 
becomes the cloaca and anus (an). The origin of the mesoblast 
is not certainly known. The shell is formed before the larva is 
hatched — an occurrence which does not take place till the larva 
closely resembles the adult. 

The early developmental stages of the male are closely 
similar to those of the female ; and the chief difference between 
the two appears to consist in the development of, the male being 
arrested at a certain point. 

The larv^ of Lacinularia (Huxley, No. 234) are provided 
with a prseoral circlet of cilia containing two eye-spots^ and a 
perianal patch of cilia. They closely resemble some telotrochal 
polychsetous larvae. 

Salensky has compared the larva of Brachionus to that of a 
cephalophorous Mollusc, more especially to the larva of Calyp- 
traea on which he has made important observations. The 
praeoral lobe, with the ciliated band, no doubt admits of a 
comparison with the velum of the larva of Molluscs ; but it does 
so equally, as was first pointed out by Huxley, with the ciliated 
praeoral lobe of the larvae of many Vermes. It further deserves 
to be noted that the trochal disc of a Rotifer differs from the 
velum of a Mollusc in that the eyes and ganglia are placed 
dorsally to it, and not, as in the velum of a Mollusc, within it. 
The larva of Lacinularia appears to be an exception to this, 
since two eye-spots are stated to lie wdthin the circlet of cilia. 
More important in the comparison is the so-called foot (tail), 
which arises in the embryo as a prominence between the mouth 
and anus, and in this respect exactly corresponds with the 
Molluscan foot. 

If Salensky’s comparison is correct, and there is something 
to be said for it, the foot or tail of Rotifers is not a post-anal 
4 portion of the trunk, but a ventral appendage, and the segmen- 

1 In Leydig’s figure of the larva, Zeif. f. iviss. Zool. Vol. III. 1851, the eye-spots 
lie just outside the ciliated ring. 
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tation which it frequently exhibits is not to be compared with a 
true segmentation of the trunk. If the Rotifers, as seems not 
impossible, exhibit crustacean affinities, the " foot ' may perhaps 
be best compared with the peculiar ventral spine of the Nauplius 
larva of Lepas fasciailaris (vide Chapter on Crustacea) which in 
the arrangement of its spines and other points also exhibits a 
kind of segmentation. 
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CHAPTER IX. 


MOLLUSC A‘. 

Although the majority of important developmental features 
are common to the whole of the Mollusca, yet at the same time 
many of the subdivisions have well-marked larval types of their 
own. It will for this reason be convenient in considering the 
larval characters to deal successively with the different sub- 
divisions, but to take the whole group at once in considering the 
development of the organs. 

Formation of the layers and larval characters. 
Odontophora. 

Gasteropoda and Pteropoda. There is a very close agree- 
ment amongst the Gasteropoda and Pteropoda in the general 
characters of the larva ; but owing to the fact that the eggs of 

^ The classification of the JVIollusca adopted in the present chapter is shewn in the 


subjoined table : 

I. OUONTOPPIORA. 

II. LAMELLIBRANCIilATA. 

r. Gasteropoda. 

a. Dimya. 

a. Prosobranchiata. 

b. Monomya. 

b. Opisthobranchiata.’ 

c. Pulmonata. 

d. Heteropoda. 

' 2. Pteropoda. 

a. Gymnosomata. 
h. Thecosomata. 

3- Cephalopoda. 

a. Tetrabranchiata. 

b. Dibranchiata. 

4- Polyplacophora. 

5- Scaphopoda. 


B. II. 
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the various species differ immensely as to the amount of food- 
yolk, considerable differences obtain in the mode of formation of 
the layers and of the alimentary tract. 

The spheres at a very early .stage of segmentation^ become 
divided into two categories, one of them destined to give rise 
mainly to the hypoblast, the other mainly to the epiblast. Ac- 
cording as there is much or little food-yolk the hypoblast spheres 
are cither very bulky or the reverse. In all cases the epiblast 
cells lie at one pole, which may be called the formative pole, 
and the hypoblast cells at the opposite pole. When the bulk of 
the food-yolk is very great, the number of hypoblast spheres is 
small. Thus in Aplysia there are only two such spheres. In other 
cases, where there is but little food-yolk, they may be nearly 
as numerous as the epiblast cells. In all these cases, however, 
as was first shewn by Lankester and Selenka, a gastrula becomes 
formed either by normal invagination as in the case of Paludina 
(fig. 107 ), or by epibole as in Nassa mutabilis (fig. 105). In both 
cases the hypoblast becomes completely enclosed by the epiblast 
The blastopore is always situated opposite the original formative 
pole> In the large majority of cases {^.e. Marine Gasteropoda, 
Heteropoda, and Pteropoda) the blastopore becomes gradually 
narrowed to a circular opening which eventually occupies the 
position of the mouth. It either closes or remains permanently 
open at this point In some cases the blastopore remains per- 
manently open and becomes the anus. The best authenticated 
instance of this is Paludma vivipara^ as was first shewn by 
Lankester (No. 263). 

In some instances the blastopore assumes before closing a 
very narrow slit-like form, and would seem to extend along the 
future ventral region of the body from the mouth to the anus. 
This appears, according to Lankester (No. 262), to be the con- 
dition in Lymnseus, but while Lankester believes that the closure 
proceeds from the oral towards the anal extremity, other inves- 
tigators hold that it does so in the reverse direction. Fol (No. 
249) has also described a similar type of blastopore. In an un- 
determined marine Gasteropod, with an embolic gastrula, observed 
by myself at Valparaiso, the blastopore had the same elongated 

k The reader is referred for the segmentation to pp. 98—10?, and to the special 
description of separate types. 
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form as in Lymn?eus, but the whole of it soon became closed 
except the oral extremity ; but whether this finally closed could 
not be determined. It is probable that the typical form of the 
blastopore is the elongated form observed by Lankester and my- 
self, in which an unclosed portion can indifferently remain at 
either extremity; and that from this primitive condition the 
various modifications above described have been derived \ 

Before the blastopore closes or becomes converted into the 
oral or anal aperture, a number of very important embryonic 
organs make their appearance ; but before describing these it 
will be convenient to state what is known with reference to the 
third embryonic layer or mesoblast. 

This layer generally originates in a number of cells at the lips 
of the blastopore, which then gradually make their way dorsal- 
wards and forwards, and form a complete layer between the epi- 
b'last and hypoblast The above general mode of formation of 
the mesoblast may be seen in fig. 107, representing three stages 
in the development of Paludina. 

In some cases the mesoblast arises from certain of the seg- 
mentation spheres intermediate in size between the epiblast and 
hypoblast spheres. This is the case in Nassa mutabilis, where 
the mesoblast appears when the epiblast only forms a very small 
cap at the formative pole of the ovum ; and in this case the meso- 
blast cells accompany the epiblast cells in their growth over the 
hypoblast (fig. 105). 

In other cases the exact derivation of the mesoblast cells is 
quite uncertain. The evidence is perhaps in favour of their 
originating from the hypoblast. It is also uncertain whether the 
mesoblast is bilaterally symmetrical at the time of its origin. It 
is stated by Rabl to be so in Lymnseus^ 

In the case of Paludina the mesoblast becomes two layers 

1 Rabl (No. 268) describes a blastopore of tbis form in Planorbis which close.s at 
the mouth. 

- Rabl (No. 268) has quite recently given a more detailed account than previous 
observers of the origin of the mesoblast in Planorbis. He finds that it originates 
from the posterior one of the four large cells which remain distinct throughout the 
segmentation. By the division of this cell two ‘ raesoblasts ’ are formed, one on each 
side of the middle line at the hinder end of the embiyo. Each of these again divides 
into two, an anterior and a posterior. By the division of the mesoblasts there arise 
two linear rows of mesoblastic cells — ^the mesoblastic bands — which are directed 

: I5~2 , 
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thick, and then splits into a splanchnic and somatic layer, of 
which the former attaches itself to the hypoblast, and gives rise 
to the muscular and connective-tissue wall of the alimentary tract, 
and the latter attaches itself to the epiblast, and forms the mus- 
cular and connective-tissue wall of the body and other structures. 
The two layers remain connected by protoplasmic strands, and 
the space between them forms the body cavity (fig. 107). In 
most instances there would appear to be at first no such definite 
splitting of the mesoblast, but the layer has the form of a scattered 
network of cells between the epiblast and the hypoblast Finally 
certain of the cells form a definite layer over the walls of the 
alimentary canal, and constitute the splanchnic mesoblast, and 
the remaining cells constitute the somatic mesoblast. 

We must now return to the embryo at the time when the 
blastopore is becoming narrowed. First of all it will be necessary 
to define the terms to be applied to the various regions of the 
body — and these will 
best be understood by 
taking a fully formed 
larva such as that re- 
presented in fig. 10 1. 

The ventral surface 1 
consider to be that 
comprised between the 
mouth {vi) and the 
anus, which is very 
nearly in the position 
(^) in the figure. As a 
great protuberance on 
the ventral surface is 
placed the foot f. The 
long axis of the body, 
at this period though not necessarily in the adult, is that passing 


Fig. loi. Diagram of an embryo of Pleu- 
ROBRANCHIDIUM. (From Lankester.) 

/ foot; oL otocyst; ?«. mouth j &. velum; 
ng. nerve ganglion; residual yolk spheres ; shs. 
shell-gland ; intestine. 


forwards and divided transversely into two parts, an anterior continued from the front 
mesoblast, and a posterior from the hinder mesoblast. 

If RabPs account is correct, there is a striking similarity between the origin of the 
mesoblast in Mollusca and in Gbrntopoda. : It appears to me very probable that the 
mesoblastic bands are formed (as in Ltimbricus) not only from the products of the 
division of the mesoblasts, but also from cells budded off from one or both of the 
primary germinal layers. 
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through the mouth and the shell-gland (sMs.) : while the dorsal 
surface is that opposite the ventral as already defined. 

Before the blastopore has attained its final condition three 
organs make their appearance, which are eminently characteristic 
of the typical molluscan larva. These organs are (i) the velum, 
(2) the shell-gland, (3) the foot. 

The velum is a provisional larval organ, which has the form 
of a praeoral ring of cilia, supported by a ridge of cells, often in 
the form of a double row, the ventral end of which lies immedi- 
ately dorsal to the mouth. Its typical position is shewn in fig. 
loi, V. There are considerable variations in its mode and extent 
of development etc., but there is no reason to think that it is 
entirely absent in any group of Gasteropoda or Pteropoda. In a 
few individual instances, especially amongst viviparous forms 
and land Pulmonata, it has been stated to be absent. Semper 
(No. 274) failed to find it in Vitrina, Bulimus citrinus, Vaginulus 
luzonicus, and Paludina costata. It is very probably absent in 
Plelix, etc. 

In some cases, e.g. Limax (Gegenbaur), Neritina (Claparede), 
Pterotrachaea (Gegenbaur), the larva is stated to be coated by an 
uniform covering of cilia before the formation of the velum, but 
the researches of Fol have thrown very considerable doubt on 
these statements. In some cases amongst the Nudibranchiata 
(Haddon) and Pteropoda there are one or two long cilia in the 
middle of the velar area. In many Nudibranchiata (Haddon) 
there is present a more or less complQtQ posi-oral ring of small 
cilia, which belongs to the velum. 

The cilia on the velum cause a rotation of the larva within 
the egg capsule. Cilia are in most cases (Paludina, etc.) developed 
on the foot and on a small anal area. 

The shell-gland arises as an epiblastic thickening on the pos- 
terior and dorsal side. In this thickening a deep invagination 
(fig. loi, s/is.) is soon formed, in which a chitinous plug may 
become developed (Paludina, Cymbulia ? etc.), and in abnormal 
larv$ such a chitinous plug is generally formed. 

The foot is a simple prominence of epiblast on the ventral 
surface, in the cavity of which there are usually a number of meso- 
blast cells (fig. 101,/). The larval form just described has been 
named by Lankester the trochosphere larva. 
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Before considering the further external changes which the 
larva undergoesj it will be well to complete the history of the 
invaginated hypoblast. 

The hypoblast has after its invagination either the lorin of a 
sack (fig. 102) or of a solid mass (fig. loi). Whether the mouth 
be the blastopore or no, the permanent 
oesophagus is formed of epi blast cells, so 
that the oesophagus and buccal cavity 
are always lined by epiblast. When the 
blastopore remains permanently open the 
outer part of the oesophagus grows as a 
prominent ridge round the opening. 

The mesenteric sack itself becomes 
differentiated into a stomach adjoining 
the oesophagus, a liver opening immedi- 
ately behind this, and an intestine. The 
cells forming the hepatic diverticula and 

sometimes also those of the stomach may during larval life 
secrete in their interior peculiar albuminous products, similar to 
ordinary food-yolk. 

The proctodeeum, except when it is the blastopore, arises 
later than the mouth. It is frequently developed from a pair of 
projecting epiblast cells symmetrically placed in the median 
ventral line behind the foot. It eventually forms a very shallow 
invagination meeting the intestine. Its opening is the anus. 

The anus, though at first always symmetrical and ventral, subse- 
quently, on the formation of the pallial cavity, opens into this 
usually on the right and dorsal side. 

In the cases where the hypoblast is not invaginated in the 
form of a sack the formation of the mesenteron is somewhat 
complicated, and is described in the sequel 

hrom the trochosphere stage the larva passes into what has 
been called by Lankester the veliger stage (fig. 103), which is 
especially characteristic of Gasteropod and Pteropod Mollusca. 

The shell-gland (with a few exceptions to be spoken of subse- 
quently) of the previous stage flattens out, forming a disc-like 
area, on the surface of which a delicate shell becomes developed, ^ 
while the epiblast of the edges of the disc becomes thickened. 

The disc-like area is the mantle. The edge of the area and with 



A riETKROPUu. (Fom Ge- 
geubaur ; after Fob) 

0. mouth; v. vehm; g. 
arclienteron ; p. foot ; c. body 
cavity ; .f, shell-gland. 
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it the shell now rapidly extend, especially in a dorsal direction. 
Up to this time the embryo has been symmetrical, but in most 
Gasteropods the shell and mantle extend very much more to- 
wards the left than towards the right side, and a commencement 
of the permanent spiral shell is thus produced. 

The edge of the mantle forms a projecting lip separating the 
dorsal visceral sack from the head and foot. An invagination 
appears, usually on the right in Gasteropods, and eventually 
extends to the dorsal side (fig. 103 B). It gives rise to the 


A S C 

0 



Fig. 103. Larv/E of Cephalophorous Mollusca in the veliger stage. 

(From Gegenbaiir.) 

A. and B. Earlier and later stage of Gasteropod. C. Pteropod (Cymbulia). 

V. velum ; c. shell ; p. foot ; op. operculum ; t. tentacle. 

pallial or branchial cavity, and receives also the openings of the 
digestive, generative and urinary organs. In most Pteropods it 
is also formed to the right, and usually eventually extends after- 
wards towards the ventral surface (fig, 103 C). In the pallial 
cavity the gills are formed, in those groups in which they are 
present, as solid processes frequently ciliated. They are coated 
by epiblast and contain a core of mesoblast. They soon become 
hollow and contractile. 

The velum in the more typical forms loses its simple circular 
form, and becomes a projecting bilobed organ, which serves the 
larva after it is hatched as the organ of locomotion (fig. 103 B 
and C). The extent of the development of the velum varies 
greatly. In the Heteropods especially it becomes very large, and 
in Atlanta it becomes six-lobed, each lateral half presenting 
three subdivisions. It is usually armed on its projecting edge 
with several rows of long cilia, and below this with short cilia 
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which bring food to the mouth. It persists in niaii)/ forms for a 
very long period. Within the area of the velum there appear the 
tentacles and eyes (fig. 103 B). The latter are usually fornied at 
the base of the tentacles. 

The foot grows in most forms to a very considerable size 
On its hinder and dorsal surface is formed the operculum as a 
chitinos plate which originates in a depression lined by thick- 
ened epiblast, much in the same way as the shell (fig. 103 B and 
C, op). In the typical larval forms it is only possible to distin- 
guish the anterior flattened surface of the foot for locomotion and 
the posterior opercular region, but special modifications of the 
foot are found in the Pteropods and lieteropods which are 
described with those groups. The foot very often becomes richly 
ciliated, and otic vesicles are early developed in it (fig. loi, ot). 

All the Gasteropods and Pteropods have a shell-bearing 
larval form like that first described, with the exception of a few 
forms, such as Liraax and perhaps some other Pulmonata in 
which the shell-gland closes up and gives rise to an internal 
shell. 

The subsequent metamorphosis iir the different groups is verv 

irZ'ver T' “ “ t’T ‘he disappearance 

of the velum, though m some cases remnants of the velum imv 
persist as the subtentacular lobes (Lymnatus, Lankester) or the 
hp tentacles (Tergipes, Nordmann). In prosobranchiate Gaste- 
ropods the larval shell is gradually added to. and frequently 
replaced by, a permanent shell, though the free-swimming veli- 
erons larva may have a long existence. In many of the Opis- 

reduced. Lankester, who has especially worked at the eariv 
stages of this group, has shewn that the larvte are n alm^ 
every respect identical with those of prosobranchiate CnZT 
pods They are all provided with a subnautiloid shell an ope^ 
culated foot, etc. The metamorphosis has unfortunately K 

satisfactorily observed in but few instances In Hete ^ “ 

The following sections contain a special account of the dbel 
ment in the various groups of Gasteropoda if f 

c^edtog fager'’'^*' ^ «« 



Gasteropoda. To illustrate the development of the Gasteropoda I 
have given a detailed description of two types, viz, N'assa miita^ulis and 
Pahidma vivipara. 

Nassa mutabilis. This form, the development of which has been 
very, thoroughly worked out by Bobretzky (No. 242), will serve as an 
example of a marine Gasteropod with a large food-yolk. The segmentation 



Fig. 104. Segmentation of Nassa mutabilis. (From Bobretzky.) 


A. Upper half divided into two segments. B. One of these has fused bvith the 
large lower segment. C. Four small and one large segment, one of the former fusing 
with the large segment. D. Each of the four segments has given rise to a fresh 
small segment. E. Small segments have increased to thirty-six. 

has already been described, p. 102. It will be convenient to take up the de- 
velopment at a late stage of the segmentation. The embryo is then formed 
of a cap of small cells tvhich may be spoken of as the blastoderm resting 
upon four large yolk-cells of which one is considerably larger than the 
others (fig, 104 A). The small and the large cells are separated by a 
segmentation cavity. The general features at this stage are shewn in 
fig, 105 A, representing a longitudinal section through the largest yolk- 
cell and a smaller yolk- cell opposite to it. The blastoderm is for the most 
part one cell thick, but it will be noticed that, at the edge of the blastoderm 
adjoining the largest yolk-cell, there are placed two cells underneath 
the edge of the blastoderm (ine). These cells are the commencement of 
the niesoblast. In the later stages of development the blastoderm con- 
tinues to grow over the yolk-cells, and as it grows the three smaller yolk- 
cells travel round the side of the largest yolk-cell with it. As they do 
so they give rise to a layer of protoplasmic cells (fig. 105, hy) which form 
a thickened layer at the edge of the blastoderm and therefore round the 
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lips of the blastopore. These cells form the hypoblast. 1 
protoplasmic matter of the yolk-cells is employed in the 
The rest of them remains as a mass of yolk, 
section of the embi 7 o at a slightly later stage, when th 
become quite narrowed, is represented in fig. 105 C. The 
the dorsal surface is not represented. 

Two definite organs have already become established. ( 
pit lined by thickened epiblast on the posterior and dorsal 
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posterior side its cells have bent over so as to form a narrow tube {in\ the 
rudiment of the intestine. 

In the next stage (fig. 105 D) the blastopore completely closes, but its 
position is marked by a shallow pit (/«) where the stomodmum is eventually 
formed. The foot (/) is more prominent, and on its hinder border is 
formed the operculum. The shell-gland (not shewn in the figure) has 
flattened out, and its thickened borders commence to extend especially over 
the dorsal side of the embryo. A delicate shell has become formed. In 
front of and dorsal to the mouth, a ciliated ring-shaped ridge of cells, which 
is however incomplete dorsally, gives rise to the velum. On each side of the 
foot there appears a protuberance of epiblast cells, which forms a provisional 
renal organ. The hypoblast now forms a complete layer ventrally, bound- 
ing a cavity which may be conveniently spoken of as the stomach (j/), 
which is open to the yolk above. Posteriorly however a completely closed 
intestine is present, which ends blindly behind (/«), 

The shell and with it the mantle grow rapidly, and the primitive 
symmetry is early interfered with by the shell extending much more 
towards the left than the right. The anus soon becomes formed and places 
the intestine in communication with the exterior. 

With the growth of the shell and mantle the foot and the head become 
sharply separated from the visceral 
sack (fig, 106). The oesophagus {ni) 
becomes elongated. The eyes and 
auditory sacks become formed. 

With further growth the asym- 
metry of the embryo becomes more 
marked. The intestine takes a trans- 
verse direction to the right side of 
the body, and the anus opens on the 
right side and close to the foot in the 
mantle cavity which is formed by an 
epiblastic invagination in this region. 

The cavity of the stomach (fig. 106, 
st) increases enormously and passes 
to the left side of the body, pushing 
the food-yolk at the same time to 
the right side, and the point where 
it communicates with the intestine becomes carried towards the posterior 
dorsal end of the visceral sack. The walls of the stomach gradually extend 
so as to narrow the opening to tlie yolk. The part of it adjoining the 
oesophagus becomes the true stomach, the remainder the liver ; its interior is 
filled with coagulable fluid. 

Paludina. Paludina — Lankester (No. 263) and Biitschli (No 244) — is 
a viviparous form characterised by the small amount of food-yolk. The 
hypoblast and epiblast cells are distinguished very early, but soon become of 
nearly the same size. 



Fig. 106. Longitudinal section 

THROUGH AN ADVANCED EMBRYO OF 

Nassa mutabilis. (After Bobretzky.) 

f. foot; m, mouth; ce.v. cephalic 
vesicle ; st. stomach. 
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In the later stages of segmentation the epiblast cells differ from the 
hypoblast cells in the absence of pigment. The segmentation cavity, if 
developed, is small. A perfectly regular gastrula is formed (fig. loy A and 
B), which is preceded by the embryo assuming a flattened form. The 
blastopore is at first wide, but gradually narrows, and finally assumes a 
slightly excentric position. It becomes not the mouthy btU the anus. 

When the blastopore has become fairly narrow, mesoblast cells (B, me.) 
appear around it, between the epiblast and hypoblast. Whether they are 



Fig. 107. Four stages in the development of Paludina vivipara. 
(Copied from Biitschli.) 


ep, epiblast j //j'. hypoblast ; mesoblast ; bl. blastopore anus; st. stomo- 
damm ; shell-gland ; Fi velum ; ar. primitive excretoiy organ. 

bilaterally arranged or no is not clear; and though coloured like the 
hypoblast, their actual development from this layer has not been followed. 

The velum appears about the same time as the mesoblast, in the form of 
a double ring of ciliated cells at about the middle of the body (B and C, V). 
The mesoblast rapidly extends so as to occupy the whole space between 
the epiblast and hypoblast, and at the same time becomes divided into two 
layers (C). Shortly afterwards a space — the body cavity — appears be- 
tween the two layers (D) w'hich then attach themselves respectively to the 
epiblast and hypoblast, and constitute the somatic and splanchnic layers of 
mesoblast. The two layers remain connected by transverse strands. 
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By a change in the relations of the various parts and especially by 
the growth of the posterior i-egion of the body, the velum now occupies a 
position at the end of the body opposite the blastopore. Immediately 
behind it there appear two organs, one on the dorsal and one on the 
ventral side. That on the dorsal side (sh) is a deep pit— the shell-gland — 
which is continuous with a layer of columnar epiblast which ends near the 
anus. The other organ (st\ situated on the ventral side, is a simple de- 
pression, and is the rudiment of the stomodmum. Between it and the 
dorsally placed anus is a slight prominence — the rudiment of the foot. On 
the two sides of the body, between the epiblast and hypoblast on a level 
with the shell-gland are placed two masses of excretory cells, the pro- 
visional kidneys (D, x). These are probably nof homologous with the 
provisional I'enal organ of Nassa and other marine Prosobranchiata. At 
a later period a ciliated cavity appears in them, which probably communi- 
cates with the exterior at the side of the throat. 

In the later stages the foot grows rapidly, and forms a very prominent 
mass between the mouth and the anus. An operculum is developed some- 
what late in a shallow groove lined by thickened epiblast. 

A provisional chitinous plug is formed in the shell-gland which soon 
becomes everted. The shell is formed in the usual way on the everted 
surface of the shell-gland. The thickened edge of this part becomes the 
edge of the mantle, and soon projects in the neighbourhood of the anus as 
a marked fold. 

With the rapid growth of the larva the invaginated mesenteron becomes 
relatively reduced in size. In its central part yolk spherules become 
deposited, while the part adjoining the blastopore (anus) becomes elongated 
to give rise to the intestine. The stomodmum grows greatly in length and 
joins the dorsal part of the archenteron which then becomes the stomach. 
The part of the mesenteron with yolk spherules forms the liver. With 
the development of the visceral sack the anus shifts its position. It first 
passes somewhat to the left, and is then carried completely to the right. 

The development of Entoconcha mirabilis (Joh. Muller, No. 265), a 
remarkable Prosobranchiate parasitic in the body cavity of Synapta, which 
in the adult state is reduced to little moi'e than an hermaphrodite generative 
sack, deserves a short description. It is viviparous, and the ovum gives 
rise to a larva which from the hardly sufficient characters of the foot and 
shell is supposed to be related to Natica. 

There is nothing very striking in the development. The food yolk is 
scanty. The velum, as might be anticipated from the viviparous develop- 
ment, is small. The tentacles are placed not within, but behind the velar 
area. There is a natica-like shell, a large mantle-cavity, and a large two- 
lobed foot. 

In Buccinum, and Neritina only one out of the many ova included 
in each egg-capsule develops. The rest atrophy and are used as food 
by the one which develops. 

Opistljobranchiata. it will be convenient to take a species of 
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Pleurobranchidium (Aplysia), observed by Lankester (No. 239), as a type of 
Nudibranchiate development. The ovum first divides into two segments, 
and from these small segments are budded off, which gradually grow 
round and enclose the two large segments. The small segments now form 
the epiblast 

At the aboral pole the epiblast becomes thickened and invaginated to 
form the shell-gland, and shortly afterwards the velum and foot are formed 
in the normal way, and a stomodmum appears close to the ventral edge of 
the velum (fig. loi). The two yolk cells (rf) still remain distinct, but a 
true hypoblastic layer (probably derived from them, though this has not 
been made out) soon becomes established. Prominent cells early make 
their appearance at the base of the foot, which become at a later period 
invaginated to form the anus. Otolithic sacks (r>^) become formed in the 
foot, and the supraoesophageal ganglia from a differentiation of the epiblast 
(«^). 

At a later period the shell-gland becomes everted, and a nautiloid .shell 
developed. The alimentary tract becomes completed, though the two yolk 
cells long retain their original distinctness. The shell-muscle is developed, 
and peculiar pigmented bodies are formed below the velum. The foot 
becomes prominent and acquires an operculum. 

The metamorphosis of Tergipes has been more or less completely worked 
out by Nordmann and by Scliultze (No. 271). 

In Tergipes Edwardsii worked out by the former author, the larva when 
hatched is provided with a large velum, eyes, tentacles, an elongated 
operculated foot, and mantle. In the next stage both shell and operculum 
are thrown off, and the body becomes elongated and pointed behind. Still 
later a pair of gill-processes with hepatic diverticula becomes formed. 

The velum next becomes reduced, and two small processes, which give 
rise to the lip tentacles and a second pair of gills, sprout out. An ecdysis 
now takes place, and leads to further changes which soon result in the 
attainment of the adult form. 

In Tergipes kcinulaitis^ohsQvvQd. by Schultze, the velum atrophies before 
the shell and operculum are thrown off. 

Fulxnonata. The development of the fresh-water Pulmonata appears 
from Lankester’s observations on the pond-snail (Lymnaeus) to be very 
similar in all important particulars to that of marine Branchiogasteropoda. 
The velum is however less developed than in most marine forms. The 
shell-gland, etc. have the normal development. In Lymnmus the blasto- 
pore has an elongated form and it is still a matter of dispute whether it 
closes at the mouth or anus. 

In the Helicidm there is a gastrula by epibole. The shell-gland, as 
may be gathered from Von Jhering’s figures, has the usual form, and an 
external shell of the usual larval type is developed. There is a ciliated 
process above the mouth, which extends into the lumen of the mouth. This 
process is often regarded as a rudimentary velum, but probably has not this 
value. There is no other organ which can be homologous with the velum. 
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The development of Limax presents some peculiarities. The yolk- 
spheres (hypoblast) form a large mass enclosed by the epiblast cells. A 
shell-gland is formed in the usual situation, which however, instead of being 
everted, as in ordinaiy forms, becomes closed, and in its interior are 
deposited calcareous plates which give rise to the permanently internal 
shell. The foot grows out posteriorly, and contains a large provisional 
contractile vesicle, traversed by muscular strands which contract rhyth- 
mically. 

Although an external shell is present in Clausilia in the adult, the 
shell-gland becomes closed in the embryo as in Limax, and an internal 
plate-like shell is developed. The shell is at first covered by a complete 
epithelium, which eventually gives way in the centre, leaving covered only 
the edges of the shell. It thus comes about that the original internal shell 
becomes an external one. It is very difficult to bring this mode of develop- 
ment of the external shell into relation with that of other forms. Clausilia 
like Limax develops a large pedal sinus. 

In both Limax and Clausilia cilia are early developed and cause a 
rotation of the embryo, but how far they give rise to a distinct velum is 
not clear. 

Heteropoda. The Heteropod embryos present in their eai'ly develop- 
ment the closest resemblance to those of other Gasteropods. The seg- 
mentation takes place according to the most usual Gasteropod type •, (vide 
p. 99 ) and after the yolk cells have ceased to give origin to epiblast cells 
they divide towards the nutritive pole, become invaginated, and line a 
spacious archenteron. The epiblast cells at the formative pole gradually 
envelop the yolk (hypoblast) cells, and the blastopore very early narrows 
and becomes the permanent mouth. 

Simultaneously with the narrowing of the blastopore, the shell-gland is 
formed at the aboral pole, and the foot on the ventral side. The velum 
appears as a patch of cilia on the dorsal side, which then gradually extends 
ventrally so as to form a complete circle just dorsal to the mouth. 

The larva, after these changes have been completed, is represented in 
fig. 102. 

In later stages the shell-gland becomes everted, and a shell is developed 
in all the forms both with and without shells in the adult. The foot grows 
very rapidly, and an operculum is in all cases formed behind. A bilobed 
invagination in front gives rise to the mucous gland. The velum enlarges 
and becomes bilobed. 

Though the blastopoi-e remains permanently open as the mouth, the 
oesophagus is formed as an epiblastic ingrowth. The rudiment of the 
proctodmum appears as two epiblastic cells symmetrically placed behind the 
foot, which subsequently pass to the right side, and give rise to a shallow 
invagination which meets the mesenteric sack. In the latter structure the 
cells of part of the wall develop a peculiar nutritive material, and form a 
nutritive sack which eventually becomes the liver. The part of the sack 
connected with the epiblastic oesophagus becomes constricted off as the 
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stoiTiacii. The remainder, which unites with the proctodteum, forms the 
intestine. 

The structural peculiarities of the adult are formed by a post-larval 
metamorphosis. The caudal appendage of Pterotrachea and Firoloidea is 
formed as an outgrowth of the upper border of the hind, end of the foot. 
The so-called fin arises as a cylindrical process in front of the base of the 
foot, which is eventually flattened laterally. In the Atlantidm it is in some 
cases at first vermiform, and in other cases attains directly its adult struc- 
ture. The embryonic foot itself gives rise in Pterotrachea, Firoloidea and 
Carinaria to the tail, on the dorsal and posterior side of which the operculum 
may still be seen in young specimens. In Atlanta it forms the posterior part 
of the foot on which the operculum persists through life. 

The embryonic shell is completely lost in Pterotrachea and Firoloidea, 
and the shell is rudimentary in Carinaria. With its atrophy the mantle 
region also becomes much reduced. 

The velum is enormously developed in many Heteropods. In Atlanta it 
is six-lobed, each of the two primitive lateral lobes being prolonged into 
three processes, two in front, and one behind. As in all other cases, it 
atrophies in the course of the post-larval metamorphosis. 

Pteropoda. The early larval 
form of the Pteropods is closely 
similar to that of marine Gastero- 
pods. There are usually only three 
hypoblastic spheres at the close of 
the segmentation in the Thecoso- 
mata, and a somewhat larger num- 
ber in the Gymnosomata. The blas- 
topore closes at the oral region, on 
the nutritive side of the ovum, and 
the shell-gland is placed at the 
original formative pole. The velum, 
shell-gland and foot have the usual 
relations. Although many of the 
adult forms are symmetrical, there is 
very early an asymmetry visible in 
the larva, shewing that the Pteropods 
are descended from asymmetrical 
ancestors. In the Gymnosomata 
there is a second larval stage after 
the loss of the shell when the larva 
is provided with three rings of cilia o-r, 

T 1. r r -r, ITG. Io8. EMBRYO OP CAVOUNIA 

(fig. rog). In most fomis of Ptero- (Hyalea) tridentata, (After Fol.) 

pods the dorsal part of the body, m. mouth; «. amis; .v. stomach'; ?, 

covered by the mantle, is produced intestine; cr. nutritive sack ; wvi. mantle ; 

into a visceral sack like that of the ; 

V-, , T 1 rr ncart, r, renal sack : foot; in. eni- 

Cephalopoda (fig. io8). ; podia; q. shell; ot. otolitliic sack. 
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The velum varies considerably in its development in different forms. In 
the Hyaleidce it is comparatively small and atrophies early; while in 
Cymbulia (fig. 103) and the Gymnosomata it is large and bilobed, and 
persists till after thh foot has attained its full development. 

The free edge of the velum is provided with long motor cilia, and its 
lower border with small cilia which bring the food to the mouth. In 
Cleodora there is a median bunch of cilia in the centre of the velum like that 
in the Lamellibranchiata, Nudibranchiata, etc. 

The shell-gland forms a pit at the aboral end of the body, and in 
Cymbulia a chitinous plug appears to be normally formed in this pit. The 
pit afterwards everts itself. The edge of the everted area becomes thickened 
and gradually travels towards the anterior end of the body. On this everted 
area a small plate is developed, which forms the commencement of the 
embryonic shell with which the larvte of all Pteropods are provided. 

The remainder of the embryonic shell is secreted in successive rings by 
the thickened edge of the mantle, and grows with this till it reaches the 
neck (fig. 108). The permanent shell is added subsequently, usually on a 
very different model to the laiwal shell. The fate of the embryonic shell is 
very various in different forms. In the Hyaleidae the animal withdraws itself 
from the larval shell, which becomes shut off from the permanent shell by a 
diaphragm. The larval shell then becomes detached. 

In the Styliolidae the per- 
manent shell becomes twice 
the size of the embryonic 

shell while the animal is still ildf 

in an embryonic condition, <■=1 ^ 

but the larval shell persists I j 

for life. In the Cymbulidae |j ^ 0 ^) ^ 

there is an embryonic and 

secondary shell, which per- qW 

sist together during larval 

life. They are eventually 

cast off at the same time v A B 

and replaced by a perma- . 

nent shell. 

In the Gymnosomata an Fig. 109. Free swimming Pneumodermon 
embryonic shell is develop- (After Gegenbaur, copied from Bronn.) 

ed, and a secondary shell Jhe velum has atrophied in both larvm. 

, , , ... I In A three ciliated bands are present, and the 

added to it during embryo- auditory vesicles are visible, 
nic life. Both are cast off In B the tentacles with suckers and the epi- 
before the adult condition podia have become developed, 
is attained. After the shell anus., 

has been cast off three cili- 
ated rings are developed (fig. 109).. The anterior of these is placed between 
the velum and the foot, and the two hinder ones on the elongated posterior 
part of the body. 

H. II. \ ^ lO 
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The ciliated rings give to these larvje a resemblance to Ch;Etopod larvae ; 
but there can be no doubt that this resemblance is a purely superficial one- 
The anterior ring atrophies early (fig. log B), and the second one soon 
follows suit. It is probable that the hinderraost one does not persist 
through life, although it has been observed in forms with fully developed 
sexual organs. Most of these iarv® have not been traced to their adult 
forms. They have been referred to Pneumodermon, Clio, etc. 

The most characteristic organ of the Pteropods is the foot, which is 
prolonged into two enormous lateral wings, the epipodia. These develope 
at different periods in different larvEe, but are always distinct lateral out- 
growths of the foot. 

In the Hyaleidm the foot is early conspicuous, and soon sends out two 
lateral prolongations (fig. io8 which develop with enormous rapidity 
as compared with the medium portion, and give rise to the epipodia. The 
whole of the foot becomes ciliated. 

In the Cymbulidm, though not in other forms, an operculum is developed 
on the hinder surface of the foot (fig. 103 C) The epipodia are late in 
appearing. 

In the Gymnosomata the foot is developed very early, but remains small. 
The epipodia do not appear till very late in larval life (fig. 109 B). 

In Pneumodermon and some other Gymnosomata there appear on the 
hinder part of the head peculiar tentacles with suckers like those of the 
Cephalopoda (fig. 109 B). It is not certain that these tentacles are geneti- 
cally related to the arms of the Cephalopoda. 

Cephalopoda. The eggs of the Cephalopoda are usually 
laid in special capsules formed in the oviduct, which differ 
considerably in the different members of the group. 

In the case of Argonauta each egg is enveloped in an elongated capsule 
provided with a stalk. By means of the stalk the eggs are attached together 
in bunches, and these again are connected together and form transparent 
masses, which are placed in the back of the shell. In octopus the eggs are 
small and transparent : each of them is enclosed in a stalked capsule. In 
Loligo the eggs are enveloped in elongated sack-like gelatinous cords, 
each containing about thirty or forty eggs. The cords are attached in 
bunches to submarine objects. In Sepia each egg is independently en- 
veloped in a spindle-shaped black capsule, which is attached to a stone 
or other object. 

In a decapod form with pelagic larv^, described by Grenacher (No. 280), 
the eggs were enclosed in a somewhat cylindrical gelatinous mass. In each 
mass there were an immense number of eggs arranged in spirals. Each 
ovum was enclosed in a structureless membrane, within which it floated in a 
colourless albumen. 

The ovum itself within the capsule is a nearly homogeneous 
granular mass, without a distinct envelope. Development com- 
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menccs by the segregation, at the narrow pole of the ovum oppo- 
site the egg-stalk, of the greater part of the protoplasmic forma- 
tive material. This material forms a disc equivalent to the 
germinal disc of meroblastic vertebrate ova. The germinal disc 
in Sepia and Loligo does not, however, undergo a quite symme- 
trical segmentation (Bobretzky, No. 279). When eight segments 
are present, two of them close together are much smaller and 
narrower than the remainder ; and when, in the succeeding 
stages small segments are formed from the inner ends of the 
large ones, those derived from the two smaller segments continue 
to be smaller than the remainder: so that throughout the seg- 
mentation one pole of the blastoderm is formed of smaller 
segments, and the blastoderm exhibits a bilateral symmetry^ 
The partial segmentation results in the formation of a blastoderm 
covering one pole of the egg, but, unlike the vertebrate blasto- 
derm, formed of a single row of cells. This blastoderm very 
soon becomes two or three cells deep at its edge, and the cells 
below the surface constitute the layer from which the mesoblast 
and hypoblast originate (fig. no ms). The origin of the meso- 
blast at the edge of the blastoderm is a phenomenon equivalent 
to its origin at the lips of the blastopore in so many other types. 
The external layer forms the epiblast. 

The whole blastoderm does not take its origin from the seg- 
mentation spheres, but, as was discovered by Lankester (282), a 
number of nuclei arise spontaneously in the yolk outside the 
blastoderm, around which cell-bodies become subsequently 
formed. They make their appearance near to, but not at the 
surface, extending first in a ring-like series in advance of the 
margin of the blastoderm, but subsequently appearing indiscrim- 
inately over all parts of the egg. They take no share in form- 
ing the epiblast, but would seem, according to Lankester, to 
assist in giving rise to the lower layer cells, and also to a 
layer of flattened cells which eventually completely encloses the 
yolk, and may be called the yolk membrane. The cells of the 
yolk membrane first of all appear at the thickened edge of the 

^ In Octopus and Argonauta (Lankester) as soon as the blastoderm is completed 
the egg reverses its position in the egg-shell ; the cleavage pole taking up a position 
nearest the stalk. ■ 

- I do not know the relation of this axis of symmetry to the future embryo. 

16— -3 
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blastoderm. From this point they spread inwards under the centre 
of the blastoderm (fig. 

1 1 5 m \ and, together 
with the epiblast cells, 
outwards overtheyolk 
generally ; so that 
before long (on the 
tenth day in Loligo) 
the yolk becomes com- fourth cay. (After Bobretzky.) 
pletely invested by a ^ns. mesoblast; d. cell at the edge of the blasto- 
membrane of cells. 

In the non-germinal region the blastoderm is formed of two 
layers, (i) a flattened epiblast, and ( 2 ) the yolk membrane. In 
the region of the original germinal disc the epiblast cells become 
columnar, and below them is placed a ring of lower layer cells, 
which gradually extends towards the centre so as finally to form 
a complete layer. Below this again comes the yolk membrane 
just spoken of. 

Before describing the further fate of the separate layers it is 
necessary to say a few words as to the external features of the 
embryo. In the adult Cephalopod it is convenient, for the sake 
of comparison with other Mollusca, to speak of the narrow space 
enclosed in the arms, which contains the mouth, as the ventral 
surface; the aboral apex as the dorsal surface; and what is 
usually called the upper surface as the anterior and the lower 
one as the posterior. 

Employing this terminology the centre of the original blasto- 
derm is the dorsal apex of the embryo. In the typical forms 
with a large yolk-sack the whole embryo is formed out of the 
original germinal disc; the part of the blastoderm w^hich is 
continued as a thin layer over the remainder of the egg forms a 
large ventral yolk-sack appended to the head of the embryo. 
The following description applies especially to two types, which 
form the extremes of the series in reference to the development 
of the yolk-sack. The first of these with a large yolk-sack is 
Sepia, of which Kolliker in his classical memoir (No. 281) has 
published a series of beautiful figures. The second, with a small 
yolk-sack, is the pelagic larva of an unknown adult described by 
Grenadier (No, 280), 



Fig. iio. Section through 'I'ue iilahtouerm 
Loligo ovum at the beginning of the 
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In a young blastoderm of Sepia viewed from the dorsal 
surface, a series of structures appear which are represented in 
fig'. Ill A. In the middle is a somewhat rhomboid prominence 
which forms the rudiment of the mantle In its centre is a 

pit which forms the shell-gland. On each side of the mantle is 
a somewhat curved fold (/). These folds eventually coalesce to 
form the funnel. They are divided into two parts by a small 
body which forms the cartilage of the funnel. The smaller part 
of the fold behind this body gives rise to the true funnel, the part 
in front becomes (Kolliker) the strong muscle connecting the 
funnel with the neck- cartilage. In front and to the sides arc 
two kidney-shaped bodies (oc) the optic pits. Behind the mantle 
are two buds {br)^ the rudiments of the gills. 



Fig. III. Two SURFACE VIEWS OF THE GERMINAL DISC OF Sepia. 

(After Kolliker.) 

mt. mantle ; oc. eye ; /. folds of funnel ; bn branchiaj ; an. posterior portion of 
alimentary tract ; m. mouth, i, 'z, 3, 4, 5, arms ; p. cephalic lobe. 

In the somewhat later stage rudiments of the two posterior 
pairs of arms make their appearance outside and behind the 
rudiments of the funnel. The head is indicated by a pair of 
lateral swellings on each side, the outer of which carries the eyes. 
The whole embryo now becomes ciliated, though the ciliation 
does not cause the usual rotation. At a slightly later stage the 
second, third, and fourth pairs of arms make their appearance 
slightly in front of those already present. The posterior parts of 
the funnel rudiments approach each other, and the anterior meet 
the rudiments of the neck-cartilage. The gills begin to be 
covered by the mantle-edge, which now projects as a marked 
fold. At a slightly later period two fresh rudiments may be 
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noted, viz. the oral (fig. ill B, in) and anal invaginations, the 
latter of which is extremely shallow and appears at the apex of 
a small papilla which may be spoken of as the anal papilla. 
These invaginations appear at the two opposite poles (anterior 
and posterior) of the blastoderm. Shortly . after this the rudi- 
ment of the first pair of arms arises considerably in front of the 
other rudiments, at the sides of the outer pair of cephalic swell- 
ings (fig. Ill B, 1). 

Fig. Ill B represents a view from the dorsal .surface of an 
embryo at this stage. In the centre is the mantle with the shell- 
gland which is now very considerably raised beyond the general 
surface. Concentric with the edge of the mantle are the two 




Fig. 1 13. .Side views oe three late stages in the development or 
Sepia, (After Kolliker.) 

WL mouth ; j'^’. yolk-saclc ; eye ; /«/. mantle, 

halves of the funnel, the anterior half meeting the dorsal or neck- 
cartilage and the posterior halves approaching each other. The 
oral invagination is shewn at m and the anal immediately in 
front of an. The gills, nearly covered by the mantle, are seen at 
br. Kip are the cephalic swellings, and the eye is seen at oc. 
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The arms i — 5 form a ring outside these parts. The whole of 
the embryo, with the exception of the gills, the funnel, and the 
outer border of the blastoderm, is richly ciliated. 

The embryo up to this time has had the form of a disc or 
saucer on the surface of the yolk. After this stage it rapidly 
assumes its permanent dome-like form, and becomes at the same 
time folded off from the yolk. The blastoderm is very slow in 
enveloping the yolk, and the whole yolk is not completely in- 
vested till a considerably later stage than that represented in fig. 
1 1 1 B. As soon as the blastoderm covers the yolk-sack cilia 
appear upon it. The mantle grows very rapidly, and its free 
border soon projects over the funnel and gills. After the two 
halves of the funnel have coalesced into a tube, it comes to pro- 
ject again beyond the edge of the mantle. 

On the completion of the above changes the resemblance of 
the embryo to a Cuttle-fish becomes quite obvious. Three of 
the stages in the accomplishment of these changes are represent- 
ed in fig. 1 1 2. 

To the ventral side of the embryo is attached the enormous 
external yolk-sack (y/^), which is continuous with an internal 
section situated within the body of the embryo. The general 
relations of the embryo to the yolk will best be understood by 
reference to the longitudinal section of Loligo, fig. 127. 

The arms gradually increase in length, and the second pair 
passes in front of the first so as eventually to lie completely in 
front of the mouth. The arms thus come to form a complete 
ring surrounding the mouth, of which the original second pair, 
and not, as might be anticipated, the first, completes the circle 
in front. The second pair develops into the long arms of the 
adult. 

After the embryo has attained more or less completely its 
definite form (fig, 112 C) it grows rapidly in size as .compared 
with the yolk-sack. The latter structure is at first four or five 
times as big as the embryo, but, by the time of hatching, the em- 
bryo is two to three times as big as the yolk-sack, 

Loligo mainly differs from Sepia in the early enclosure of the yolk by the 
blastoderm, and in the embiyo exhibiting the phenomena of rotation within 
the egg-capsule so characteristic of other Mollusca. 

In Argonauta the yolk-sack is still smaller than in Loligo, and the yolk is. 
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early completely enclosed by the blastoderm. A well developed outer yolk- 
sack is present during early embryonic life, but is completely absorbed 
within the body before its close. Cilia appear on the blastoderm very early, 
but vanish again when the yolk is about two-thirds enclosed. Iheic is, 
during embryonic life, no trace of a shell, but the mantle and other i);u ts of 
the body become covered by peculiar bunches of fine sctm. 'fhe shell- gland 
develops normally in both Octopus and Argonauta, but disappears ag,:un 
without closing up to form a sack (Lankester). 

The pelagic Decapod larva described by Grenadier, which 
forms my second type, must be placed with reference to the de- 
velopment of the yolk-sack at the opposite pole to Sepia. Seg- 
mentation, as in other Gephalopods, is partial, but the blastoderm 
almost completely envelops the yolk before any organs are de- 
veloped ; and no external yolk-sack is present. At a stage 
slightly before the closure of the yolk-blastopore the mantle is 
formed as a slight prominence at the blastodermic pole of the 
egg, and even at this early stage is marked by the presence of 
chromatophores. The edge of the blastoderm is ciliated. At a 
slightly later stage the embryo becomes more cylindrical, the 
edge of the mantle becomes marked by a fold, which divides tlie 
embryo transversely into two unequal parts, a smaller region 
covered by the mantle, and a larger region beyond this, The 
yolk is still exposed, but rudiments of the optic pit and of two 
pairs of arms have appeared. The first-formed arms are appa- 
rently the anterior, and not, as in Sepia, the posterior. 

At a still later stage, represented in lateral and posterior 
views in fig. 113 A and B, comsiderable changes are effected. 
The yolk-blastopore is nearly though not quite closed. The 
mantle fold (jnt) is much more prominent, and on the posterior 
side on a level with its edge may be seen the rudiment.s of the 
gills {&r). The funnel is formed as two independent folds on 
each side and which apparently correspond with the 
two divisions of the funnel rudiments in Sepia. The eye has 
undergone considerable changes. Close to each rudiment of the 
funnel may be seen a fresh sense-organ — the auditory sack (crc). 
The ventral (upper in the figure) end of the body now forms a 
marked protuberance, probably equivalent to the foot of other 
Mollusca (z>u/£p. 225), at the sides of which are seen the rudi- 
ments of the arms ( I, 2, 3). To the two previously present a 
third one, on the posterior side, has been added. The blastopore 
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is placed on the anterior side of the ventral protuberance, and 
immediately dorsal to this is an invagination (os) which gives 
rise to the stomodaeum. The ciliation at the edge of the blas- 
topore still persists, but does not lead to the rotation of the 
embryo. 

In later stages (fig. 113 C) the blastopore becomes closed, 
and the mantle region increases in length as compared with the 
remainder of the body. The ventral halves of the funnel, each 
in the form of a half tube, coalesce together to form a single 



Fig. n 3. Three Emuryos of a Cei-halopod with a very smai.l yolk-sack. 

(After Grenadier.) 

a. lilastopore ; hr. brandiiw ; zVyA and inf.“ postei’ior and anterior folds of the 
funnel ; g. op. optic ganglion (?) ; oc. eye ; wk. white body ; ac. auditory pit ; os. 
stomodwura; an. anus; mt. mantle; i, 2, 3. ist, 2nd, and 3rd pairs of arms. 

tube (inf) in the same manner as in Sepia. A shallow procto- 
dteum (aii) is formed between the two branchiae. The eyes (oc) 
stand out as lateral projections, and the arms become much 
longer. 

Still later a fourth pair of arms is added as a bud from each 
of the posterior pair, and with the growth in length of the arms 
the suckers make their appearance. The mouth is gradually 
carried up so as to be surrounded by the arms. The ciliation of 
the surface becomes more extensive. 

During the whole of the above development the interior of 
the embryo is filled with yolk, although no external yolk-sack is 
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present. The internal yolk-sack falls into three sections ; a 
cephalic section, a section in the neck, and an abdominal section. 

Of these, that in the neck is the first to be absorbed. The 
cephalic portion fills out the ventral protuberance already spoken 
of. The hinder section becomes occupied by the liver^ which 
exactly fits itself into this space as it absorbs the material pre- 
viously there. 

It will be convenient at this point to complete the account of 
the Cephalopoda by a short history of their germinal layers, and 
by a fuller description of the mantle, shell, and funnel than that 
given in the preceding pages. ^ i 

It has already been shewn that in the I'egion of the germinal 
disc a thick layer of cells becomes interposed between the epi- 
blast and the yolk membrane. This layer (fig. 1 15 ni) i-s mainly 
mesoblastic, but also contains the elements which form the 



Fig. 114. Longitudinal vertical section through a Loligu uvum 

WHEN THE MESENTERIC CAVITY IS JUST COMMENCING TO BE FORMED. 

(After Bobretzky. ) 

salivary gland ; brd. sheath of radula ; oe. cesophagus ; ds. yolk-sack; cks, 
shell-gland ; mt. mantle ; pdh, mesenteron ; x. epiblaslic thickening between the 
folds of the funnel. 

lining of the alimentary tract. Its cells first become differenti- 
ated into mesoblast and hypoblast after the shell-gland has 
become a fairly deep pit. The mode of differentiation is shewn 
in fig. 1 14. On the posterior side of the mantle, at the point 
marked in fig. in B, an, a cavity is formed between the yolk 
membrane and the mesoblast cells (fig. i\A„pdJi). This cavity 
is the commencement of the anal extremity of the mesenteron, 
and the columnar cells lining it constitute the hypoblast. The 
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remainder of the lower layer cells are the mesoblast. The 
mesenteron gradually extends itself till it meets the stomodseum 
(fig. 127). The proctodseum is formed as a shallow pit close to 
the first formed part of the mesenteron. 

The mesoblast gives rise not only to the organs usually 
formed in this layer, but also to the nervous centres, etc. 

The mantle and shell. The mantle first arises as a thick- 
ening of the epi blast on the dorsal surface of the embryo. The 
thickened integument, with the subjacent mesoblast, soon forms 
a definite projection, in the centre of which appears a circular 
pit (figs. 1 14 chs and 115 jAt). This pit, which has already been 
spoken of as the shell-gland, resembles very closely the shell- 
gland of other Mollusca. The fold around the edge of the shell- 



Fic. 1 1 5. Diagram or a vertical section through the mantle region ok 
AN EMBRYO Loligo, (From Lankester.) 

[This figure is turned the reverse way up to fig. 114.] 
ep. epiblast ; y. food-yolk ; m. mesoblast ; m'. cellular yolk membrane ; shs. shell- 
gland. 

gland grows inwards so as gradually to circumscribe its opening, 
which before long becomes completely obliterated ; and the 
gland forms a closed sack lined by epiblast which grows in an 
anterior direction (figs. 1 14 and 127 ccJi). 

The edges of the mantle now begin to project, especially on 
the posterior side (fig. 127), and within the cavity formed by this 
projecting lip there are placed the anus (n:;/), gills, etc. The pro- 
jecting lip of the mantle is formed both of epiblast and meso- 
blast. The whole of the anterior side of the mantle is filled by 
the elongated shell-sack {ccJi), within which the shell or pen soon 
becomes secreted. 
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There are certain difficulties in comparing the shell-gland of the Cephalo- 
poda with that of other Mollusca which will best be rendered clear by the 
following quotation from Lankester^ : 

“The position and mode of development of the shell-gland of the Cepha- 
lopoda exactly agree with that of the shell-gland as seen in the other Mol- 
luscan embryos figured in this paper. We ai'e therefore fairly entitled to 
conclude from the embryological evidence that the pen-sack of Cephalopoda 
is identical with the shell- gland of other Mollusca. 

“But here — forming an interesting example of the interaction of the 
various sources of evidence in genealogical biology — paleontology crosses 
the path of embryology. I think it is certain that if we possessed no fossil 
remains of Cephalopoda the conclusion that the pen-sack is a special develop- 
ment of the shell-gland would have to be accepted. 

“ But the consideration of the nature of the shell of the Belemnites and 
its relation to the pen of living Cuttle-fish brings a new light to bear on the 
matter. Reserving anything like a decided opinion as to the question in 
hand, I may briefly state the hypothesis suggested f^y the facts ascertained as 
to the Beleinnitidae. The complete shell of a Belemnite is essentially a 
straightened nautilus-shell (therefore an external shell inherited from a 
nautilus-like ancestor), which, like the nautiloid shell of Spirilla, has become 
enclosed by growths of the mantle, and unlike the shell of Spirilla, has 
received large additions of calcareous matter from those enclosing over- 
growths. On the lower surface of the enclosed nautilus-shell of the Belemnite 
—the phragmacone — a series of layers of calcareous matter have been 
thrown down forming the guard ; above, the shell has been continued into 
the extensive chamber formed by the folds of the mantle, so as to form the 
flattened pen-like pro-ostracum of Huxley. 

“ Whether in the Belemnites the folds of the mantle which thus coyered 
in and added to the original chambered shell, were completely closed so as 
to form a sack or remained partially open with contiguous flaps must be 
doubtful. 

“ In Spirilla we have an originally external shell enclosed but not added 
to by the enclosing mantle sack. 

“ In Spiriilirostra, a tertiary fossil, we have a shell very similar to that 
of Spirilla, with a small guard of laminated structure developed as in the 
Belemnite (see the figures in Bronn Classen u. Ordmingen des Thierrcichs). 

“ In the Belemnites the original nautiloid shell is small as compared with 
Spiriilirostra. It appears to be largest in Huxley’s genus Xiphotcuthis. 
Hence in the series Spirula, Spiriilirostra, Xiphoteuthis, Belemnites, we 
have evidence of the enclosure of an external shell by growths from the 
mantle (as in Aplysia), of the addition to that shell of calcareous matter from 
the walls of its enclosing sack, and of the gradual change of the relative 
proportions of the original nucleus (the nautiloid phragmacone) and its 

‘ “Development of Pond Quart. J. of Micro. Science, 1874, pp. 
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superadded pro-ostracal and rostral elements tending to the disappearance 
of the nucleus (the original external shell). If this view be correct as to the 
nature of these shells, it is clear that the shell-gland and its plug has nothing 
to do with them. The shell-gland must have preceded the original nautiloid 
shell, and must be looked for. in such a relation whenever the embryology of the 
pearly Nautilus can be studied. Now, everything points to the close agreement 
of the Belemnitidie with the living Dibranchiata. The booklets on the arms, 
the ink-bag, the horny jaws, and general form of the body, leave no room for 
doubt on that point ; it is more than probable that the living Dibranchiata 
are modified descendants of the mesozoic Belemnitidte. I f this be so, the 
pens of Lolig'o and Sepia must be traced to the more complex shell of the 
Belemnite. This is not difficult if we suppose the originally external shell 
the phragmacone, around which as a nucleus the guard and pro-ostracum 
were developed, to have finally disappeared. The enclosing folds of the 
mantle remain as a sack and perform their part, producing the chitino- 
calcareous pen of the living Dibranch, in which parts can be recognised as 
corresponding to the pro-ostracum, and probably also to the guard of the 
Belemnite. If this be the case, if the pen of Sepia and Loligo correspond to 
the entire Belemnite shell minus the phragmacone- nucleus, it is clear that 
the sack which develops so early in Loligo and which appears to correspond 
to the shell-gland of the other Molluscs cannot be held to do so. The sack 
thus formed in Loligo must be held to represent the sack formed by the 
primmval up-growth of mantle-folds over the young nautiloid shell of its 
Belemnitoid ancestors, and has accordingly no general significance for the 
whole Molluscan group, but is a special organ belonging only to the Dibran- 
chiate stem, similar to — but not necessarily genetically connected with — the 
mantle-fold in which the shell of the adult Aplysia and its congeners is con- 
cealed. The pen, then, of Cephalopods would not represent the plug of the 
shell-gland. In regard to this view of the case, it may be remarked that I 
have found no trace in the embryonic history of the living Dibranchiata of a 
structure representing the phragmacone ; and further, it is possible, though 
little importance can be attached to this suggestion, that the Dibranchiate 
pen-sack, as seen in its earliest stage in the embryo Loligo^ etc., is fused 
with the surviving remnants of an embryonic shell-gland. When the 
embryology of Nautilus pompilius is worked out, we shall probably know 
with some certainty the fate of the Molluscan shell-gland in the group of the 
Cephalopoda.” 

The funnel. The general development of the funnel has 
already been sufficiently indicated. The folds of which it is 
formed are composed both of epiblast and mesoblast. The 
mesoblast of the anterior part of each half of the funnel would 
appear to give rise to a muscle passing from the cartilage of the 
neck to the funnel proper. The posterior parts gradually 
approximate, but meet in the first instance ventrally. The two 
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folds at first merely form the side of a groove or imperfect tube 
(fig. 113 C and 124 ffi), but soon the free edges unite and so give 
rise to a perfect tube, the primitive origin of which by the coal- 
escence of two halves would not be suspected. In Nautilus the 
two halves remain permanently separate but overlap each other, 
so as to form a functional tube. 

Poiyplacophora, The external characters of the embryo of 
Chiton have long been known through the classical observations 
of Loven (No. 285), while the formation of the layers and the in- 
ternal phenomena of development have recently been elucidated 
by Kowalevsky (No, 284). The eggs are laid in April, May, 
and June, and arc enclosed in a kind of chorion with calcareous 



Fig. ri6. 

I. Chiton WossNESsKNSKii. (After Middendorf.) 

II. Chiton disskcted to shew 0. the mouth; g. the nervou.s ring; ao. the 
aorta; c. the ventricle; r', an auricle; hr. the left branchife ; od. oviduct.s. (After 
Cuvier.) 

III. , IV., V. .Stages of development of Chiton cinereus. (After Loven.) 

The figure is taken from Huxley. 

protuberances. The segmentation remains regular till sixty- 
four segments are formed. The cells composing the formative 
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half of the ovum then divide more rapidly than the remainder ; 
there is in this way formed an elongated sphere, half of which is 
composed of small cells and half of larger cells. In the interior 
is a small segmentation cavity. From its eventual fate the 
hemisphere of the smaller cells may be called the anterior pole, 
and that of the larger cells the posterior. An involution of the 
cells at the apex of the posterior pole (though not of the whole 
hemisphere of larger cells) now takes place, and gives rise to the 
archenteron. At the same time an equatorial double ring of 
large cells appears on the surface between the two poles, which 
becomes ciliated and forms the velum. At the apex of the an- 
terior pole a tuft of cilia, or at first a single flagellum, is estab- 
lished (fig. ii6 HI. and IV.). 

In the succeeding developmental period the blastopore, which 
has so far had the form of a circular pore at the posterior ex- 
tremity of the body, undergoes a series of very remarkable 
changes. In conjunction with a gradual elongation of the larva 
it travels to the ventral side, and is prolonged forwards to the 
velum as a groove. The middle part of the groove is next con- 
verted into a tube, which opens externall}^ in front, and post- 
eriorly communicates with the archenteron. The walls of this 
tube subsequently fuse together, obliterating the lumen, and 
necessarily causing at the same time the closure of the blasto- 
pore. The tube itself becomes thereby converted into a plate 
of cells on the ventral surface between the epiblast and the 
hypoblast h 

While the above changes have been taking place the meso- 
blast has become established. It is derived from the lateral and 
ventral cells of the hypoblast. 

After the establishment of the germinal layers the further 
evolution of the larva makes rapid progress. A transverse 
groove is formed immediately behind the velum, which is 
especially deep on the ventral surface ; and the stomodmum is 
formed as an invagination of the anterior wall of the deeper 
section of the groove. Behind the stomodaeum the remainder 
of the ventral surface grows out as a flattened foot. 

^ There is a striking similarity between the changes of the blastopore in Chiton 
and the formation of the neurenteric canal of Chordata ; especially if Kowalevsky is 
correct in stating that the pedal nerves are developed from the ventral plate. 
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The dorsal surface behind the velum constitutes the mantle, 
and becomes divided by six or seven transverse grooves into 
segment-like areas, which may be called mantle plates (fig. 1 1 6 
IV.). These areas would seem (?) to correspond to so many 
flattened-out shell-glands. Immediately behind the velum the 
eyes appear as two black spots (fig. u 6 IV.). 

While the above external changes take place the archenteron 
undergoes considerable modifications. Its anterior section gives 
rise, according to Kowalevsky, to a dorsal (i*) sack in which the 
radula is formed; while the liver arises from it as two lateral 
diverticula. 

From the above statements it Avould appear that Kowalevsky holds that 
the oesophagus and radula sack are both derived from the walls of the 
archenteron and not from the stomodaeum. Such an origin for these organs 
is without parallel amongst Mollusca. 

The larva becomes about this time hatched, and after swim- 
ming about for some time attaches itself by the foot, throws off 
its larval organs, cilia, etc., and develops the shell. 

The shell appears first of all during larval life in the form of spicula on 
the middle and sides of the head, and later on the middle and sides of the 
post-oral mantle plates (fig. ii6v.). The permanent shell arises somewhat 
later as a series of median and lateral calcareous plates, first of all on the 
posterior part of the velar area, and subsequently on the mantle plates behind. 
The three calcareous patches of each plate fuse together and give rise to the 
permanent shell plates. The original spicula are displaced to the sides, 
where they partly remain, and are partly replaced by new spicula. 

The nervous system is formed during larval life as four longitudinal 
cords two lateral — the branchial cords, and two ventral — the pedal. 
Paired anterior thickenings of the pedal cords meet in front of the mouth to 
form the oesophageal ring. The pedal cords and their derivatives are 
believed by Kowalevsky to be developed from the lateral parts of the plate 
formed by the metamorphosis of the blastopore. The median part of the 
plate is still visible after the formation of these parts. 

The chief peculiarity of the larva of Chiton (apart from tlie 
peculiar ventral plate) consists in the elongation and dorsal 
segmentation of the po.sterior part of the body. The velum has 
the normal sittiation and relation to its mouth. The position of 
the eyes behind it is however abnormal. 

The elongation and segmenta;tion of the posterior part of the 
trunk is probably to be regarded as indicating that Chiton has 
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early branched off from the main group af the Odontophora 
along a special line of its own, and not that the remaining Odon- 
tophora are descended from Chiton-like ancestral forms. The 
shell of Mollusca on this view. is not to be derived from one of 
the plates of Chiton, but the plates of Chiton are to be derived 
from the segmentation of a primitive simple shell. The segmen- 
tation exhibited is of a kind w'hich all the trochosphere larval 
forms seem to have been capable of acquiring. The bilateral 
symmetry of Chiton, which is quite as well marked as that of 
the Lamellibranchiata, indicates that it is a primitive phylum of 
the Odontophora. 

Scaphopoda. The external characters of the peculiar larva 
of this interesting group have been fully worked out by Lacaze 
Duthiers (No. 286). 

The segmentation is unequal and conforms to the usual 
molluscan type. At its close the embryo becomes somewhat 
elongated, and there appears on its surface a series of transverse 
ciliated rings. As soon as these become formed the larva is 
hatched, and swims about by means of its cilia. Six ciliated 
bands are formed in all, and in addition a tuft of cilia is formed 
in a depression at the anterior extremity. 

The larva thus constituted is very different in appearance to 
the larvce already described, and its parts very difficult to 
identify ; the next stages in the development shew however that 
the whole region of the body taken up by the ciliated rings is 
part of the velar area, while the small papilliform region behind 
is the post-velar part of the embryo. This latter part grows 
rapidly, and at the same time the ciliated rings become reduced 
to four ; which gradually approach each other, while the region 
on which they are placed grows in diameter. The rings finally 
unite, and form a single ring on a projecting velar ridge. In 
the centre of this ring is placed the terminal tuft of cilia on a 
much reduced prominence. 

By the time that these changes have been effected in the 
velum, the post-velar part of the embryo has become by far the 
largest section of the embryo, so that the velum forms a project- 
ing disc at the front end of an elongated body. The mantle is 
formed as two lateral outgrowths near the hinder extremity of 
the body which leave between them a ventral groove lined by 
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cilia; on their dorsal side is formed a delicate shell. The 
mantle lobes continue to grow, and by the time the above 
changes in the velum are effected they meet and unite in the 
ventral line and convert the groove between them into a com- 
plete tube open in front and behind. A stream of water is 
driven through this tube by the action of the cilia. The shell, 
which is at first disc-shaped like the shell of other molluscan 
larvae, moulds itself upon the mantle and is so converted into a 
tube. At the front end of the mantle tube, which does not at 
first cover the velum, there is formed the foot. It arises as a 
protuberance of the ventral wall of the body, which rapidly 
grows forwards, becomes trilobed as in the adult, and ciliated. 

On the completion of these changes the larva mainly differs 
in appearance from the adult by the projection of the velum 
beyond the edge of the shell. The velum soon however begins 
to atrophy ; and the larva sinks to the bottom. The mantle tube 
and shell grow forward and completely envelop the velum, 
which shortly afterwards disappears. The mouth is formed on 
the ventral side of the velum at the base of the foot ; at its sides 
arise the peculiar tentacles so characteristic of the adult Denta- 
lium. 


LAMELLIBRANCHIATA. 

The larvm of Lamellibranchiata have in a general way the 
same characters as those of Gasteropods and Pteropods. A 
trochosphere stage with a velum but without a shell is succeeded 
by a veliger stage with a still more developed velum, a dorsal 
shell, and a ventral foot. 

The segmentation is unequal, and in a general way like that 
of Gasteropoda, but the specially characteristic Gasteropodan 
type with four large yolk spheres is only known to occur in 
Pisidium, and a type of segmentation similar to that of Anodon 
(p. 100) appears to be the most frequent. 

There is an epibolic or embolic gastrula, but the further 
history of the formation of the germinal layers has been worked 
out so imperfectly, and for so few types, that it is not possible to 
make general statements about it What is known on this head 
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is mentioned in connection with the description of the develop- 
ment of special types. 

The blastopore in some cases closes at the point where the 
anus (Pisidium), and probably in other cases where the mouth, is 
eventually formed. In Anodon it is stated to close at a point 
corresponding neither with the mouth nor the anus, but on the 
dorsal surface ! 

The embryo assumes a somewhat oval form, and in the free 
marine forms there appears very early in front of the mouth a 
well-developed velum. This is formed according to Loven from 
two papillse, and takes the form of a circular ridge armed with 
long cilia. In the centre of the velar area there is usually 



Fig. iry. Three stages in the development of Cardium. (After Loven.) 
hy. hypoblast ; b. foot j m. mouth ; an, anus ; V, velum ; cm, anterior adductor 
muscle. 

present a single long flagellum (fig. 117 B and C). The velum 
never becomes bilobed. 

Tn the later stages, after the development of the shell, the 
velum becomes highly retractile and can be nearly completely 
withdrawn within the mantle by special muscles. It forms the 
chief organ of locomotion of the free larva. 

In some fresh-water forms, which have no free larval exist- 
ence, the velum is very much reduced (Anodon, Unio, Cyclas) or 
even aborted (Pisidium). In these forms as well as in Teredo 
and probably other marine forms {e.g, Ostrea) the central flagel- 
lum is absent. It has been suggested by Loven, though without 
any direct evidence, that the labial tentacles of adult Lamelli- 
•branchiata are the remains of the velum. The velar area is in 
any case the only representative of the head. In some marine 
forms a general covering of cilia arises before the formation of 
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the velum ; and in Montacuta and other types there is developed, 
as in many Gasteropoda, a circum-anal patch of cilia. 

A shell-gland appears at a very early period on the dorsal 
surface in Pisidium, Cyclas and Ostrea, and probably in most 
marine forms (fig. ii8, It is somewhat saddle-shaped, and 
formed of elongated non-ciliated cells bounding a groove. It 
flattens out and on its surface is formed the shell, which appears 
usually to have the form of an unpaired saddle-ishaped cuticle, on 
the two sides of which the valves are . subsequently formed by a 
deposit of calcareous salts. In Pisidium the two valves are 
stated by Lankester to be at first quite independent and widely 
separated, and it has been suggested by Lankester, though not 
proved, that the ligament of the shell is developed in the median 
part of the groove of the shell-gland. 

The mantle lobes are developed as lateral outgrowths of the 
body : they usually have a considerable extension before they 
are covered by the shell. In Anodon and Unio the larval 
mantle lobes are, however, formed in a somewhat exceptional 
way, and are from the first completely covered by the valves of 
the larval shell. The larval mantle lobes and shell in Anodon 


and Unio are subsequently replaced by the permanent structures. 
The adductor muscles are formed soon after the appearance 


of the shell The 
posterior sometimes 
appears first, e.g-. 
Mytilus, and at other 
times the anterior, 
eg. Cardium. 

The foot arises 
in the usual way as 
a prominence be- 
tween the mouth 
and anus. In com- 
parison with Gaster- 
opoda it is late in 
appearing, and in 



many cases does not 
become prominent 
till the shell has at- 


Fig. xi8. An embryo of Pisidium pusillum. 
(From Lankester.) 

_ /. foot ] m. mouth ; ph. phaiynx ; gs. bilobed .stomach ; 
intestine ; shs. shell-gland. 
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tained a considerable size. In its hinder part a provisional 
paired byssus-gland is developed from the epidermis in Cyclas 
and other forms. In other cases, e.g. Mytilus, the byssus-gland 
is permanent. The byssus-gland occupies very much the position 
of the Gasteropod operculum, and would appear very probably 
to correspond with this organ. The anterior part of the foot is 
usually ciliated. 

The gills appear rather late in larval development along the 
base of the foot on either side, between the mantle and the foot 
(fig. 120, br). They arise as a linear row of separate ciliated 
somewhat knobbed papillm. A second row appears later. The 
two rows give rise respectively to the two gill lamellje of each 
.side. 

The further history of the development of the gills has been studied by 
Lacaze Duthiers (No. 297) in Mytilus. The first row of gill papillae foianed 
becomes the innermost of the two lamellae of the adult. The number of 
papillae goes on increasing from before backwards. When about eleven 
have been formed, their somewhat swollen free extremities unite together, 
the basal portions being separated by slits. 

The free limb is formed by the free end of the gill lamella bending upon 
itself towards the inner side and growing towards the line of attachment of 
the lamella. The free limb is at first not composed of separate bars, but of 
a continuous membrane. Before this membrane has grown very wide, 
perforations are formed in it corresponding to the spaces between the bars of 
the attached limb. 

The outer gill lamella develops in precisely the same way as, but some- 
what later than, the inner. The rudiments of it appear when about twenty 
papillae of the inner lamella are fonned. Its first papillae are formed near 
the hind border of the inner lamella, and new papillae are added both in 
front and behind. Its free limb is on the outer side. 

In Mytilus the two limbs (free and attached) of each bar of the gill are 
joined at wide intervals by extensile processes, the ‘ inter-lamellar junctions,' 
and the successive bars ai'e attached together by ciliated junctions. In 
many other types the concrescences between the various parts of the gills 
are carried much further ; the maximum of concrescence being perhaps 
attained in Anodon and Uniob 

Large paired auditory sacks seem always to be developed in 
the foot; and clearly correspond with the auditory sacks in 
Gasteropoda. 

1 R. H. Peck, “Gills of Lamellibranch Mollusca.” Quart. J. of M. Science^ 
Vol. XVII. 1S77. 


262 


LAMELLIBRANCHTATA. 


Eyes are frequently present in the larva, though they dis- 
appear in the adult. In Montacuta and other types a pair of 
these organs is formed at the base of the velum on each side of 
the oesophagus, not far from the auditory sacks. Tliey are 
provided with a lens. 

A row of similar organs is present in the larva of Teredo in 
front of the foot. 

Cardium. As an example of a marine Lamcllibrancliiate I may take 
the development of which has been studied by Lov(^n 
(No, 291). The ova, surrounded by a thicldsh capsule, are impregnated in 
the cloaca. The segmentation takes place much as in Nassa {vide p. loi), 
and the small segments gradually envelop the large hypoblast spheres ; so 
that there would seem to be a gastrula by epibole. After the hypoblast has 
become enveloped by the epiblast, one side of the embryo is somewhat flat- 
tened and mai'ked by a deepish depression (fig. 117 A). From Loven’s 
description it appears to me probable that the depression on the flattened 
side occupies the position of the blastopore, and that the depression itself is 
the stomodreura. At this stage the embryo becomes covered witli short cilia 
which cause it to rotate within the egg-capsule. 

Close above the mouth there appear two small papilUu, These gradually 
separate and give rise to a circular ridge covered with long cilia, which 
encircles the embryo anteriorly to the ventrally-placed mouth. This 
structure is the velum. In its centre is a single long flagellum (fig, 117 B). 
Shortly after this the shell appears as a saddle-shaped structure on the 
hinder part of the dorsal surface of the embryo. It is formed at first of 
two halves which meet behind without the trace of a hinge (fig. 117 C). 
The two valves rapidly grow and partially cover over the velum, and below 
them the mantle-folds soon sprout out as lateral flaps. 

The alimentary tract has by this time become differentiated (fig. 117 C). 
It consists of a mouth (;«) and ciliated cesophagus probably clerived from 
the stoniodmum, a stomach and intestine derived from the true hypoblast, 
and an hepatic oi-gan consisting of two separate lobes opening into the 
stomach. The anus (««) appears not far behind the mouth, and between 
the two is a very slightly developed rudiment of the foot {h). The anterior 
adductor muscle (r?#) appears at this stage, though the posterior is not yet 
differentiated. 

The larva is now ready to be hatched, but the further stages of its 
development were not followed. 

Ostrea. The larvaj of Ostrea, figured by Salensky (No. 293), shew a 
close resemblance to those of Cardium. The velum is however a simple 
ring of cilia without a central flagellum. The proctodmum would appear to 
be formed later than the stomodmum, and the earliest stage figured is too 
far advanced to throw light on the position of the blastopore. 

Fisidiuxn. The development of Pisidium has been investigated by 
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Lankester (No. 239). The ovum is invested by a vitelline membrane and 
undergoes development in a brood-pouch at the base of the inner gill lamella. 

The segmentation commences by a division into four equal spheres, each 
of which, as in so many other Mollusca, then gives rise by budding to a 
small sphere. The later stages of segmentation have not been followed in 
detail, but the result of segmentation is a blastosphere. An invagination, 
presumably at the lower pole, now takes place, and gives rise to an 
archenteric sack. 

The embryo now rapidly grows in size. The blastopore becomes closed 
and the archenteric sack forms a small mass attached at one point to the 
walls of the embryonic vesicle (fig. 1 19 , hy). In the space between the walls 
of the archenteron and those of the embryonic vesicle stellate mesoblast cells 



Fig. 1 19. Three views of an embryo of Pisidium immediately after 
THE CLOSURE OF THE BLASTOPORE. (After Lankester.) 

A. View from the surface. 

B. Optical section through the median plane. 

C. Optical section through a plane a little below the surface. 

ep. epiblast ; me. mesoblast ; hy. hypoblast ; p. cells apparently budding from the 
hypoblast to form raesoblastic elements. 


264 


lamellibranchiata. 




make their appearance, derived in the main from the epiblast, though 
probably in part also from the hypoblastic vesicle (wV/t' fig. 119 C, /;). The 
cavity between the hypoblast and epiblast, which contains these cells, is the 
body cavity. Fig. 1 19 represents three views of the embryo at this stage. 
A is a surface view shewing the epiblast ; B is an optical section through 
the median plane shewing the hypoblast and some of the mesoblast cells ; 
and C is an optical section shewing the mesoblast cells. A prominence on 
one side of the embryo now develops which forms the commencement of the 
foot, and the archenteric sack grows out at its free extremity into two lobes, 
but remains attached to the epiblast by an imperforate, pedicle. The next 
organ to appear is the stomodeeum. It arises as a ciliated epiblastic in- 
growth which meets the free end of the archenteric sack, fuses with it, and 
shortly afterwards opens into it (fig. 118, ^//). Between the mouth and the 
attachment of the enteric pedicle is placed the foot (/), which becomes 
ciliated. On the dorsal side of the enteric pedicle there appears a saddle- 
shaped patch of epiblast cells bounding the sides of a groove (s//s). This is 
the rudiment of the shell-gland. 

The enteric pedicle, or intestine as it may now be called, soon acquires a 
lumen, though still imperforate at its termination where the anus is 
eventually formed. Ventral to the intestine is placed a mass of cells — the 
rudiment of the organ of Bojanus. It is stated to be developed as an 
ingrowth of the epiblast. 

In a slightly later stage the shell-gland rapidly increases in size and 
flattens out, and on the two sides of it there appear the rudiments of the two 
valves, which are at first quite distinct, and separated by a considerable 
interval (fig. 120). Befoi*e the appearance of the valves of the shell, the 
mantle folds have already grown out from the sides of the body. 

At a somewhat later stage the gills 
appear as a linear series of small inde- 
pendent buds within the folds of the mantle 
behind the foot (fig. 120, />r). The ante- 
rior adductor also becomes differentiated. 

The alimentary tract in the meantime 
has undergone considerable changes. The 
primitive lateral lobes dilate enormously 
and become ciliated. At a still Interstage 
their walls undergo peculiar changes, the 
nature of which is somewhat obscure, but 
they appear to me to be of the same charac- 
ter as those in many Pteropods and Gas- 
teropods, where the cells of the hepatic 
diverticula, to which the lobes of Pisidium Fig. 120. Diagrammatic view 



apparently correspond, become filled with 
an albuminous material. 

The later stages in Pisidium have not 
been followed. 


OF ADVANCED LARVA OF PlsIDI UM. 
(Copied from Lankester.) 

m. mouth; a. anus; , 13 . organ 
of Bojanus ; mu. mantle ; /. foot 
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It is remarkable that in Pisidium a veliger stage does not oceur. This is 
probably due to the development taking place within the brood-pouch. The 
late development of the otocysts is also remarkable. A byssus-gland was 
not formed up to the stage observed. In Cyclas calyculata (Schmidt), 
a byssus-gland also appears to be absent. 

Cyclas. The development of Cyclas as described by Von Jhering is 
very unlike that of Pisidium, and the differences would seem to be too great 
to be accounted for except by errors of observation. 

The segmentation of Cyclas is similar to that of Anodon icdide p. 82), and 
a mass of large cells' enclosed by the smaller cells gives rise to the hypoblast. 
In the interior of this mass there appears a lumen, and a process from it 
grows towards and meets the epiblast, and gives rise to the oesophagus and 
mouth, — a mode of development of these parts without parallel amongst 
Mollusca. A very rudimentary velum would appear, according to Leydig 
(No. 290), to be developed at the cephalic extremity. A shell-gland is 
formed of the same character as in Gasteropods. According to Leydig the 
shell appears as a single saddle-like structure on the dorsal surface ; the 
lateral parts of this become calcified, and give rise to the two valves, but are 
united in the middle by the membranous median portion. At the two sides 
of the body the mantle lobes are formed, as in Pisidium. 

Very shortly after the formation of the shell the byssus-gland appears as 
a pair of small follicles in the hinder part of the foot. It rapidly grows 
larger and becomes a paired pyriform gland, in which are secreted the byssus 
threads which serve to attach all the embryos at a common point to the 
walls of the brood-pouch. 

The foot is large, and ciliated anteriorly. Otolithic sacks and peda 
ganglia are developed in it very early. 

Unio, The ovum of Anodonta and Unio is enveloped in a vitelline 
membrane, the surhice of which is raised into a projecting trumpet-like tube 
perforated at its extremity (fig. 12). This structure is the micropyle. The 
micropyle disappears in Anodonta piscinalis when the egg is ripe, but in 
Unio persists during the whole development. The ova are transported, in a 
manner not certainly made out, into the space between the two limbs of the 
outer gills of the mother, and there undergo their early development. The 
animal or upper pole of the egg is placed at the pole opposite to the 
micropyle. 

The segmentation is unequal {^nde^. 100) and results in the formation of 
a blastosphere with a large segmentation cavity. The greater part of the 
circumference of the egg is formed of small uniform spheres, but the lower 
(with refei'ence to the segmentation) pole is taken up by a single large cell. 
The small spheres become the epiblast, and the large cell gives rise to 
hypoblast and mesoblast^. 

^ The account of the remainder of the development till the larva becomes hatched 
is taken from Rabl, No. 292. 
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The single large cell next divides into two, and then four, and finally into 
about ten to fifteen cells. These cells form an especial area of more granular 
cells than the other cells of the blastosphere. Most of them are nearly of 
the same size, but two of them (according to Rabl), in contact with each 
other, but placed on the future right and left sides of the embryo, are con- 
siderably larger than the remainder. These two cells soon pass into the 
cavity of the blastosphere, while at the same time the area of granular cells 
becomes flattened out, and then becomes involuted as a small sack with a 
transversely elongated opening, which does not nearly fill up the cavity of 
the blastosphere. This involuted sack is the archentero.n. 

The two large cells, which lie in immediate contact with what, following 
Rabl, I shall call the anterior lip of the blastopore, next bud off small cells, 
which first form a layer covering the walls of the archenteron, but sub- 
sequently develop into a network filling up the whole cavity of the primitive 
blastosphere. The space between these cells is the primitive body cavity. 
For a long time the two primitive mesoblast cells retain their preponderating 
sizeb At the hinder end of the body, and at the end opposite therefore 
to the two mesoblast cells, are placed three especially large epiblast cells. 

In Anodonta and Unio tumidus there ajjpears at this period a patch of 
long cilia at the anterior end of the body. These cilia cause a rotation of 
the embryo and would appear to be the velum. In Unio pictorum they 
do not appear till much later. 

Immediately following this stage the changes in the embryo take place 
with great rapidity. In the first place a special mass of mesoblast cells 
appears at the hinder end of the archenteric sack ; and becoming elongated 
transversely gives rise to the single adductor muscle. On the subsequent 
fomation of the shell the muscle becomes inserted in its two valves. 
The blastopore next becomes closed, and the small archenteron grows for- 
wards till it meets the epiblast anteriorly, and at the same time detaches 
itself from the epiblast in the region where the blastopore was placed. 
Where it comes in contact with the wall of the body in front a small 
epiblastic invagination arises, which meets and opens into the archenteric 
sack and forms the permanent mouth. 

While these changes have been taking place the shell is formed as a 
continuous saddle-shaped plate on the dorsal surface. From this plate the 
two valves are subsequently differentiated. On the dorsal surface they 
meet with a straight hinge-line. Each valve is at first rounded, but subse- 
quently becomes triangular with the hinge-line as base. The valves are not 
quite equi-sided, but the anterior side is less convex than the posterior. At 
a later period a beak-shaped organ is formed at the apex of each valve in the 
same manner as the remainder of the shell. This organ is placed at about 
aright angle with the main portion of the valve. It is pointed at its ex- 

1 In this description I follow Rabl’s nomenclature. According to his statements 
the ventral part of the body is the original animal pole— the dorsal the lower pole ; 
the anterior end the musoblastic side of the opening of invagination, 



MOLLUSCA. 


267 


tremity and bears numerous sharp spines on its outer side, which are 
especially large in the median line {vide fig. 12 1 A). It is employed in fixing 
the larva, after it is hatched, on to the fish on which it is for some time 
parasitic. The shell is perforated by numerous pores. 

iVfter the shell has become formed a new structure makes its appearance 
which is known as the byssus-gland. It is developed as an invagination of 
the epiblast at the hinder end of the body : Rabl was unable to determine 
whether it was formed from the three large epiblastic cells present there or 
no. It subsequently forms an elongated gland with three coils or so round 
the adductor muscle on the left side of the body, but opening in the median 
ventral line. It secretes an elongated cord by which the larva becomes 
suspended after hatching. 

For some time the ventral portion of the body projects behind the ends 
of the valves of the shell, but before these are completely formed a median 
invagination of the body wall takes place, which obliterates to a large extent 
the body cavity, and gives rise to two great lateral lobes, one for each valve. 
These lobes are the mantle lobes. 

Before the mantle lobes are fully formed peculiar sense-organs, usually 
four in number, make their appearance on each lobe. Each of them consists 
of a columnar cell, bearing at its free eiid a cuticle from which numerous 
fine bristles proceed. Covering the cell and the parts adjoining it is a 
delicate membrane perforated for the passage of the bristles. The largest 
and first formed of these organs is placed near the anterior and dorsal part 
of the mantle. The three others are placed near the free end of the mantle 
{vide fig. 12 1 A). These organs probably have the function of enabling the 
larva to detect the passage of a fish in its vicinity, and to assist it therefore 
in attaching itself. When the embryo is nearly ripe there appears im- 
mediately ventral to and behind the velum a shallow pit on each side of the 
middle line, and the two pits appear to be connected by a median transverse 
bridge. These structures have been the cause of great perplexity to different 
investigators, and their meaning is not yet clear. According to Rabl the 
median structure is the somewhat bilobed archenteron, and according to 
his view it is not really connected with the laterally placed pits. The cilia 
of the velum overlie these latter structures and make them appear as if their 
edges were ciliated. They are regarded by Rabl as the rudiments of the 
nervous system. 

With the development of the shell, the mantle, and the sense-organs, the 
young mussel reaches its full larval development, and is now known as a 
Glochidium (fig. 121 A). 

If the pai-ent, with Glochidia in its gills, is placed in a tank with fish, it 
very soon (as I have found from numerous experiments) ejects the larvae 
from its gills, and as soon as this occurs the larvm become free from the egg- 
membrane, attach themselves by the byssus-cord, and when suspended in 
this position continually close and open their shells by the contraction of the 
adductor muscle. If the mussels are not placed in a tank with fish the larvm 
may remain for a long time in the gills. 
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Fig. I2I. 

A. Glochidium immediately after it is hatched. 

(2^. adductor ; j/i. shell ; Aj/. byssus cord ; J. sense organs. 

B. Glochidium after it has been on the fish for some weeks. 

hr. branchiie ; au. v. auditory sack 5 f. foot ; a. ad. and p. ad. anterior and posterior 
adductors ; al. nie.yenteron ; vU. mantle. 

Before passing on to state what is known with reference to the larval 
metamorphosis, it may be well to call attention to certain, and to my mind 
not inconsiderable, difficulties in the way of accepting in all particulars 
Rabl’s account of the development. 

In all Gasteropod Molluscs the lower or vegetative pole of the ovum is 
ventral, not dorsal as Rabl would make it in Unio. The blastopore in other 
Molluscs always coincides either with the mouth or anus, or extends between 
the two. The surface on which the foot is formed is the ventral surface. 
On the dorsal surface are placed, (i) the velum near the mouth, ( 2 ) the shell- 
gland near the anus. In Anodon the velum is placed just dorsal to the 
mouth, then according to Rabl follows the blastopore, and in the region of 
the blastopore is formed the shell. The blastopore is therefore dorsal in 
position. It occupies in fact the ordinary place of the shell-gland, and looks 
very much like this organ (which is not otherwise present in Anodon and 
Unio). Without necessarily considering Rabl’s interpretations false, I think 
that the above difficulties should have been at any rate discussed in his paper. 
More especially is this the case when there is no doubt that Rabl has 
made in his paper on Lymmeus a confusion between the mouth and the 
shell-gland. 

Investigations on the post-embryonic metamorphosis of Glochidium have 
been made by Braun (No. 287), and several years ago I made a series of 
observations on this subject, the results of which agree in most points with 
those of Braun. I was however unsuccessful in carrying on my observations 
till the young mussel left its host. 

The free Glochidia very soon attach themselves to the gills, fins, or other 
parts of fish which are placed in the tank containing them ; after attachment 
they become covered by a growth of the epidermic cells of their host, and 
undergo their metamorphosis. 


MOLLUSCA. 


269 


The first change that takes place is the disappearance of the byssus and 
the byssus organ. This occurs very soon ; shortly afterwards all traces of 
the velum and sense organs also become lost. 

At the time of the disappearance of these bodies, at the point of the 
projection from which the byssus cord arose, and very possibly from this 
very pi'ojection, the foot arises as a rounded process which rapidly grows 
and soon becomes ciliated (fig. 12 1 B,/), 

The single adductor muscle begins to atrophy very early, but before its 
entire disappearance rudiments are formed at the two ends of the body, 
which at a later period can be distinctly recognised as the anterior and 
posterior adductor muscles (fig. 121 B, a.ad andip.ad). 

After the formation of these parts the gills arise as solid and at first 
somewhat knobbed papillae covered with a ciliated epidermis, on each side 
of, but somewhat in front of (!) the foot (fig, 12 1 B, br). In the foot there 
soon appear the auditory sacks {ati.v), and the foot itself becomes a long 
tongue-like ciliated organ projecting backwards b 

The mantle lobes undergo great changes, and indeed by Braun the 
mantle lobes are stated to be formed almost entirely de novo. The perma- 
nent shell is (Braun) formed on the dorsal surface of the still parasitic larva 
in the form of two small independent plates. I have not followed the changes 
of the alimentary canal, etc,, but at an early stage there is visible, dorsal to 
the foot, a simple enteric sack. 

By the time the larva leaves its host all the organs of the adult, except 
the generative organs, have become established. 

The post-embryonic development of the organs of Glochidium is similar 
in the main to that of other Lamellibranchiata. This fact is of some 
importance on account of the peculiarities of the earlier developmental 
stages. 

The byssus organ, the toothed processes of the shell, and the sense oi'gans 
of the Glochidimn can hardly be ancestral rudiments, but must be organs 
which have been specially developed for the peculiar mode of life of the 
Glochidium, Whether the single muscle is to be counted amongst such 
provisional organs is perhaps a more doubtful point, but I am inclined to 
think that it ought to be so. 

If however the single muscle is an ancestral organ, it is important to 
observe that it entirely disappears as development goes on and the two 
adductor muscles in the adult are developed independently of it, 

^ The position of the foot and gills in the larva represented in Fig. 1 19 B would be 
more normal if the convex and not the flatter side of the shell were the anterior. I 
have followed Rabl and Flemming in the determinations of the anterior and posterior 
end of the embryo, but failed to rear my larvae up to a stage at which the presence of 
the heart or some other oi'gan would definitely confirm their interpretation. I ori- 
ginally adopted myself the other view, and in case they are mistaken, the so-called 
velum would be a circum-anal patch of cilia, while the position of the primitive meso- 
blast cells as well as of the byssus would better suit my view than that adopted in the 
text on the authority of the above observers. 
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General review of the charactef's of the Molluscan larvce. 

The typical larva of a Mollusc, as has been more especially 
pointed out by Lankester, is essentially similar to the larva of a 
number of invertebrate types, and especially the Chaetopoda, 
with the addition of certain special organs characteristic of the 
Molliisca. 

It has a bent alimentary tract, with a mouth on the ventral 
surface and a terminal or ventral anus. The alimentary tract is 
divided into three regions : oesophagus, stomach, and intestine. 
There is a variously developed praeoral lobe with a ring of cilia 
—the velum, and a perianal lobe, often with a patch of cilia 
(Paludina, etc.). In all these charactei's it is essentially similar 
to a Chaetopod larva. The two characteristic molluscan organs 
are (i) a foot between the mouth and anus, and (2) an in- 
vagination of the epiblast on the dorsal side at the hinder 
end of the body, which is connected with the formation of the 
shell. 

The larvae of most Gasteropoda, Pteropoda, and Lamelli- 
branchiata present no features which call for special remark ; 
but the larvae of the Gymnosomata amongst the Pteropoda, and 
of the Scaphopoda, Polyplacophora and Cephalopoda present 
interesting peculiarities. 

The larvae of the Gymnosomata are peculiar in the presence 
of three transverse ciliated rings, situated behind the velum (Fig. 
109). These rings might be regarded as indications of a rudi- 
mentary segmentation ; but, as already indicated, this view 
is not satisfactory. There is every reason for thinking that 
these rings have been specially acquired by these larvae. 

At first sight the larvae of the Gymnosomata might be 
supposed to resemble those of the Scaphopoda, which are also 
provided with transverse ciliated rings ; but, as shewn above, the 
rings of the Scaphopoda are merely parts of the extended velar 
ring. 

Thus, the ciliated rings of the two larvae — ^so similar in 
appearance — are in reality structures of entirely different values, 
being in the one case parts of the velum, and in the other special 
developments of cilia behind the velum. 
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The great peculiarity of the early larva of the Scaphopoda 
is the enormous development of the praeoral lobe, which gives 
room for the development of the ciliated rings. In the pre- 
sence of a central tuft of cilia, at the anterior extremity, the 
larva of the Scaphopoda resembles that of the Lamellibranchi- 
ata, etc. 

The larva of the Polyplacophora resembles that of Lamelli- 
branchiata in its anterior flagellum, and that of the Scaphopoda 
in the large development of the praeoral lobe ; but is quite pecu- 
liar amongst Mollusca in the transverse segmentation of the 
mantle area. 

The embryo of the Cephalopoda agrees very closely with 
that of normal Odontophora in the formation of the mantle and 
(.?) of the shell-gland, but is quite exceptional (i) in the almost 
invariable presence of a more or less developed external yolk- 
sack, (2) in the absence of a velum, (3) in the absence of a 
median foot, and in the presence of the arms. 

The presence of a yolk-sack may most conveniently be spoken 
of in connection with the foot, and we may therefore pass on to 
the question of the velum. 

The velum is one of the most characteristic embryonic 
appendages of the Mollusca, and its absence in the Cephalopoda 
is certainly very striking. By some investigators the arms have 
been regarded as representing the velum, but considering that 
they are primitively placed on the posterior and ventral side of 
the mouth, and that the velum is essentially an organ on the 
dorsal side of the mouth, this view cannot, in my opinion, be 
maintained with any plausibility. 

Various views have been put forward with reference to the 
Cephalopod foot. Huxley’s view, which is the one most gene- 
rally adopted, is given in the following quotation h 

“ But that which particularly distinguishes the Cephalopoda 
“ is the form and disposition of the foot. The margins of this 
“ organ are, in fact, produced into eight or more processes termed 
“arms, or brachia ; and its antero-lateral portions have grown 
“ over and united in front of the mouth, which thus comes, 
“ apparently, to be placed in the centre of the pedal disk. More- 
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“over, two muscular lobes which correspond with the epipoclia of 
“the Pteropods and Branchiogasteropods, developed from the 
“ sides of the foot, unite posteriorly, and, folding over, give rise to 
“ a more or less completely tubular organ — -the funnel or infmi- 
“ dihuhimS 

Grenacher, from his observations on the development of 
Cephalopoda, argues strongly against this view, and maintains 
that no median structure comparable with the foot is present in 
this group : and that the arms cannot be regarded as taking the 
place of the foot, but are more probably representatives of the 
velum. 

The difficulty of arriving at a decision on this subject is 
mainly due to the presence of the yolk-sack, which, amongst the 
Cephalopoda as amongst the Vertebrata, is the cause of consider- 
able modifications in the course of the development. The foot is 
essentially a protuberance on the ventral surface, between the 
mouth and the anus. In Gasteropods it is usually not filled with 
yolk, but contains a cavity, traversed by contractile mesoblastic 
cells. In this group the blastopore is a slit-like opening {vide 
p. 187) extending over the region of the foot, from the mouth to 
the anus, the final point of the closure of which is usually at the 
oral but sometimes at the anal extremity. In Cephalopods the 
position of the Gasteropod foot is occupied by the external yolk- 
sack. In normal forms the blastopore closes at the apex of the 
yolk-sack, and at the two sides of the yolk-sack the arms grow 
out. These considerations seem to point to the conclusion that 
the normal Gasteropod foot is represented in the Cephalopod 
embryo by the yolk-sack, which has, owing to the immense bulk 
of food-yolk present in the ovum, become filled with food-yolk 
and enormously dilated. The closure of the blastopore at the 
apex of the yolk-sack, and not at its oral or anal side, is what 
might naturally be anticipated . from the great extension of this 
part. 

Grenacher’s type of larva, where the external yolk-sack is 
practically absent, appears to me to lend confirmation to this 
view. If the reader will turn to fig. 1 13, he will observe a promi- 
nence between the mouth and anus, which exactly resembles the 
ordinary Gasteropod foot. At the sides of this prominence are 
placed the rudiments of the arms. This prominence is filled 
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with y^lk, and represents the rudiment of the external yolk-sack 
of the typical Cephalopod embryo. The blastopore, owing to 
the smaller bulk of the food-yolk, reverts more nearly to its 
normal position on the oral side of this prominence. 

If the above considerations have the weight which I attribute 
to them, the unpaired part of the Cephalopod foot has been over- 
looked in the embryo on account of the enormous dilatation it 
has undergone from being filled with food-yolk ; and also owing 
to the fact that in the adult the median part of the foot is unre- 
presented. The arms are clearly, as Huxley states, processes of 
the margin of the foot. 

Both Grenacher and Huxley agree in regarding the funnel as 
representing the coalesced epipodia; but Grenacher points out 
that the anterior folds which assist in forming the funnel {vide 
p. 253 ) represent the great lateral epipodia of the Pteropod foot, 
and the posterior folds the so-called horse-shoe shaped portion of 
the Pteropod foot. 

Development of Organs. 

The rpiblast. With reference to the general structure of 
the epiblast there is nothing very specially deserving of notice. 
It gives rise to the whole of the general epidermis and to the 
epithelium of the organs of sense. The most remarkable feature 
about it is a negative one, viz. that it does not, in all cases at any 
rate, give rise to the nervous system. 

The epiblast of the mantle has the special capacity of secret- 
ing a shell, and the integument of the foot has also a more or 
less similar property in that it forms the operculum, and a 
byssus in some Laniellibranchiata, other parts of the integument 
form the radula, setae in Chiton, and other similar structures. 

^ Nervous system. The origin of the nervous system in 
Mollusca is still involved in some obscurit}^ It is the general 
opinion amongst the majority of investigators that the nervous 
ganglia in Gasteropods and Pteropods are formed from detached 
thickenings of the epiblast. Both Lankester (No. 239) and Fol 
(No. 249 — 251) have arrived at this conclusion, and Rabl has 
shewn by sections that in Planorbis there are two lateral thick- 
enings of the epiblast in the velar area; from which the supra- 
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oesopliag-eal ganglia become subsequently separated off. The 
observations on the pedal ganglia are less precise : they very 
probably arise as thickenings of the epiblast of the side of the 
foot. 

According to Fol, the nervous system in the Hyaleacea amongst the 
Pteropoda originates in a somewhat different way. A disc-like area appears 
in the centre of the velum, which soon becomes nearly divided into two 
halves. From each of these there is formed by invagination a small sack. 
The axes of invagination of the two sacks meet at an angle on the surface. 
The cavities of the sacks become obliterated ; the sacks themselves become 
detached from the surface, fuse in the middle line, and come to lie astride of 
the oesophagus. Fol has detected a similar process in Limax. The exact 
origin of the pedal ganglia was not observed, but Fol is inclined to believe 
that they develop from the mesoblast of the foot. 

A very different view is held by Bobretzky (No. 242), whose observations 
were made by means of sections. 

The supra- oesophageal and pedal ganglia are formed according to this 
author as independent and ill-defined local thickenings of cells which are 
apparently mesoblastic. The two sets of ganglia appear nearly simultane- 
ously, and later than the rudiments of the auditory and optic organs. 

In the Cephalopoda there seems to be but little doubt, as 
first pointed out by Lankester, that the various ganglia originate 
in what is apparently mesoblastic tissue. 

There is still very much requiring to be made out with 
reference to their origin, unless details on this subject are given 
in Bobretzky’s Russian memoir. It would seem however that 
each ganglion develops as an independent differentiation of the 
mesoblast (unless the optic and cerebral ganglia are from the 
first continuous)*. The corresponding ganglia of the two sides 
become subsequently united and the various ganglia become 
connected by their proper commissural cords. The ganglia are 
shewn in figures 124, 126, and 127, 

In Lamellibranchiata the development of the nervous system 
has not been worked out. 

The two points which are most striking in the development of the 
nervous system of Mollusca are (i) the fact that in the Cephalopoda at any 
rate it is developed from tissue apparently mesoblastic ; and ( 2 ) the fact that 
the several ganglia frequently originate quite independently, and subse- 
quently become connected. 

V Ussow states that they are independent. 
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With reference to the first of these points it should be noticed that the 
supra-CESophageal and pedal ganglia are at first respectively connected with 
the optic and auditory organs, and that these sense organs are in some cases 
at any rate developed anteriorly in point of time to the ganglia. It seems 
perhaps not impossible that primitively the ganglia may have been simply 
differentiations of the walls of the sense organ, and perhaps their apparent 
derivation from the mesoblast is really a derivation from cells which 
primitively belonged to the walls of these sense organs. Bobi'etzlcy’s 
observations on Fusus fit in well with this view. 

In the Hyaleacea and in other Pteropods, where the eyes are absent in 
the adult, Fol finds the supi-a-cesophageal ganglia resulting from a pair of 
epiblastic invaginations. May not these invaginations be really rudiments 
of the eyes as well as of the ganglia? Fol also, it is true, describes a similar 
mode of origin for these ganglia in Limax. It would be interesting to have 
further observations on this subject. The independent origin of the pedal 
and supra- oesophageal ganglia finds its parallel amongst the Chsetopoda. 



Fig. 122. Three diagrammatic sections of the eyes of Mollusca. 

(After Grenadier.) 

A. Nautilus. B. Gasteropod (Limax or Helix). C. Dibranchiate Cephalopocl. 

Pal. eyelid; Co. cornea; Co.ep. epithelium of ciliary body ; Ir. iris; Int. InP... 
Int^. different parts of the integument ; /. lens ; P. outer segment of lens ; R. retina ; 
N.op. optic nerve; G.op. optic ganglion; x. inner layer of retina; N.S. nervons 
stratum of retina. 

The supra-oesophageal ganglia appear always to develop within the 
region of the velar area. This area corresponds with the prse-oral lobe of 
the Chffitopod larva, at the apex of which is developed the supra-oesophageal 
ganglion. Embryology thus confirms the results of Comparative Anatomy 
in reference to the homology of these ganglia in the two groups. 

Optic organs^ An eye is present in most Gasteropods and 

1 For a fuller account of this subject the reader is referred to the chapter on ‘ The 
Development of the Eye.’ 
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in many larval Pteropods. Although its development has not 
been fully worked out, yet it has clearly been shewn by 
Bobretzky and other investigators that it originates as an involu- 
tion of the epidermis, which first forms a cup and eventually a 
closed vesicle. The posterior wall of the vesicle gives rise to the 
retina, the anterior to the inner epithelium of the cornea. The 
external epidermis becomes continued over the outer surface of 
the vesicle. 

The lens is formed in the interior of the vesicle, probably as 
a cuticular deposit, which increases by the addition of concentric 
layers. Pigment becomes deposited between the cells of the 
retina. Fig. 122 B is a diagrammatic representation of the adult 
eye of a Gasteropod. 

The Cephalopod eye is formed, as first shewn by Lankester, 
as a pit in the epiblast round which a fold arises (fig. 123 A) and 
gradually grows over the mouth of the pit so as to shut it off 
from communication with the exterior (fig, 123 B). 

The epiblast lining the posterior region of the vesicle gives 
rise to the retina, that 
lining the anterior region 
to the ciliary body and 
processes. It is impor- 
tant to notice that the 
condition of the eye just 
before the above pit be- 
comes closed is exactly 
that which is permanent 
in Nautilus fig. 122 
A). After the pit has 
become closed a meso- 
blastic layer grows in 
between its wall and the 
external epiblast. 

The lens becomes formed in two independent segments. 
The inner and larger of these arises as a rod- like process (fig. 
124) projecting from the front wall of the optic vesicle into the 
cavity of the vesicle. It is a cuticular structure and therefore 
■without cells. By the deposition of a series of concentric layers 
it soon assumes a spherical form (fig. 125, A/), The condition 



Fig, 123. Tw'o sections through the 

DEVELOPING EYE OF A CePHALOPOD TO SHEW 
THE FORMATION OF THE OPTIC CUP. (After 
Lankester.) 
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of the eye, with a closed optic vesicle and the lens projecting’ 
into it, is that which is permanent in the majority of Gasteropods 
{vide fig. 122 B). At about the time when the lens first becomes 
formed a fold composed of epiblast and mesoblast appears round 
the edge of the optic cup (fig. I24,r(r), and gives rise to a structure 



Fig. 124. Transverse section through the head of an advanced embryo 
OF Loeigo. (After Bobretzky.) 

vd. oesophagus ; gls. salivary gland ; g.vs. visceral ganglion ; gc. cerebral ganglion; 
g.op. optic ganglion ; adk. optic cartilage ; ak. and y, lateral cartilage or (?) white 
body ; rt. retina ; gm. limiting membrane ; vk. ciliary region of eye ; cc. iris ; ac. 
auditory sack (the epithelium lining the auditory sacks is not represented) ; wr. vena 
cava ; ff. folds of funnel. 

known in the adult as the iris. Shortly afterwards this becomes 
more prominent (fig, 125, if), and at the same time the layers of 
cells of the ciliary region in front of the inner segment of the 
lens become reduced to the condition of mere membranes (fig. 
125 B); and in front of them the anterior or outer segment of 
the lens becomes formed as a cuticular deposit (fig. 125 B, vl). 
At a still later period a fresh fold of epiblast and mesoblast 
appears round the eye and gradually constitutes the anterior 
optic chamber {vide fig. 122 C, Co). In most forms this chamber 
communicates with the exterior by a small aperture, but in 
some it is completely closed. The fold itself gives rise to the 
cornea in front and to the sclerotic at the sides. At a later 


2/8 


AUDITORY ORGANS. 


period another fold may appear forming the eyelids (fig'. T 22 C, 

Pal). 

Auditory organs. A pair of auditory sacks is found in the 
larvm of almost all Gasteropods and Pteropods, and usually 
originates very early. They are placed in the front part of the 
foot, and on the formation of the pedal ganglia come into close 
connection with it, though they receive their nervous supply in 
the adult from the supra-oesophageal ganglia. 

In a very considerable number of cases amongst Gasteropods 
and Pteropods the auditory organs have been observed to develop 
as invaginations of the epiblast, which give rise to closed vesicles 
lying in the foot, e.g. Paludina, Nassa, Heteropods, Limax, some 
Pteropods (Clio). 

This is no doubt the primitive mode of origin, but in other 
cases, which perhaps require confirmation, the sacks are stated 
to originate from a differentiation of solid thickenings of the epi- 
dermis or of the tissues subjacent to it. 

The auditory sacks are provided with an otolith, which 
according to Fol’s observations is first formed in the wall of the 
sack. 

In Cephalopods the auditory organs are formed as epiblastic 
pits on the posterior surface of the embryo, and are at first 
widely separated (fig. 1 1 3, ac). The openings of the pits become 
narrowed, and finally the original pits form small sacks lined 
by an epithelium, and communicating with the exterior by 
narrow ducts, equivalent to the recessus vestibuli of Vertebrates, 
and named, after their discoverer, Kolliker’s ducts. The ex- 
ternal openings of these ducts become completely closed at 
about the same time as the shell-gland, and the ducts remain as 
ciliated diverticula of the auditory pits. The widely separated 
auditory sacks gradually approach in the middle ventral line, 
and are immediately invested by the visceral ganglia (fig. 124, 
ac), Ihcy finally come to lie in contact on the inner side of 
the funnel. 

On the side opposite KollikePs duct, an epithelial ridge is 
formed— the crista ac2istica~th.e cells of which give rise to an 1 
otolith connected with the crista by a granular material. At a 
later period of development three regions of the epithelium of 
the sack become especially dififerentiated. Each of these regions 
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is provided with two rows 
of cells, bearing on their free 
edges numerous very short 
auditory hairs. The cells of 
each row are placed nearly 
at right angles to those of 
the adjoining row. 

Muscular system. The 
muscular system in all 
groups of Molluscs is de- 
rived entirely from the 
mesoblast. 

The greater part of the 
system takes its origin from 
the somatic mesoblast. In 
almost all Gasteropod and 
Pteropod larvae there is pre- 
sent a well-developed spin- 
dle muscle attaching the 
embryo to the shell. This 
muscle appears to be absent 
in the Cephalopoda. 

Body cavity and vas- 
cular system. The body 
cavity in Gasteropods and 
Pteropods originates either 
by a definite splitting of 
the mesoblast, or by the ap- 
pearance of intercellular 






Fig. 125. Sections through the de- 
veloping EYE OF LoLIGO AT TWO STAGES. 
(After Bobret/.ky.) 

hi. inner segment of lens; vl. outer segment 
of lens ; a and d. epithelium lining the anterior 
optic chamber; gz. large epiblast cells of 
ciliary body ; cc. small epiblast cells of ciliary 
body; ms. layer of mesoblast between the two 
epiblastic layers of the ciliary body; af. and 
if. fold of iris; rt. retina; 7Y". inner layer 
of retina; st. rods ; aq. equatorial cartilage. 


spaces. It becomes divided into numerous sinuses which freely 
communicate with the vascular system. 

Very different accounts have been given by different investi- 
gators of the development of the heart in the Gasteropoda and 
Pteropoda. 

It would seem however in most cases to arise as a solid mass 


of mesoblast cells at the hind end of the pallial cavity, which 
subsequently becomes hollowed out and divided into an auricle 
and ventricle. Bobretzky’s careful observations have fully estab- 
lished this mode of development for Nassa. 
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In Pteropods the heart is formed (Fol) dose to the anus, but slightly 
dorsal to it (fig. io8, h). The pericardium is formed from the mosoldast at 
a considerably later period than the heart. 

A very different account of the formation of the heart is given by 
Biitschli for Paludina. Pie states that there appears an immense contrac- 
tile sack on the left side of the body. This becomes subsequently reduced 
in size, and in the middle of it appears the heart, probably from a fold 
of its wall. The original sack would appear to give rise to the pericardium. 

In connection with the vascular system mention may be 
made of certain contractile sinuses frequently found in the larvm 
of Gasteropoda and Pteropoda. One of these is placed at the 
base of the foot, and the other on the dorsal surface within the 
mantle cavity immediately below the velumb The completeness 
of the differentiation of these sinuses varies considerably; in 
some forms they are true sacks with definite walls, in other cases 
mere spaces traversed by muscular strands. They are found in 
the majority of marine Gasteropods, Heteropods and Pteropods. 
In Limax a large posteriorly placed pedal sinus is well developed, 
and there is also a sinus in the visceral sack. The rhythmical 
contraction of the yolk-sack of Cephalopods appears to be a 
phenomenon of the same nature as the contraction of the foot 
sinus of Limax, 

In Calyptraea (Salensky) there is an enormous provisional 
cephalic dilatation within the velum which does not appear to be 
contractile. Similar though less marked cephalic vesicles are 
found in Fusus, Biiccinum and most marine Gasteropods. 

In Cephalopods the vascular system is formed by a series of 
independent Q) spaces originating in the mesoblast, the cells 
around which give rise to the walls of the vessels. The branchial 
hearts are formed at about the time at which the shell-gland 
becomes closed. The aortic heart (fig, 127, c) is formed of two 
independent halves which subsequently coalesce (Bobretzky). 

The true body cavity arises as a space in the mesoblast sub- 
sequently to the formation of the main vascular trunks. 

Renal organs. Amongst the Gasteropods and Pteropods 
there are present provisional renal organs, which may be of two 
kinds, and a permanent renal organ. 

Rabl holds that there is no contractile doi'sal sinus, but that the appe-irance of 
contraction there is due to the contractions of the foot. 
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The provisional organs consist of either (i) an external 
paired mass of excretory cells or (2) an internal organ provided 
with a duct, which is not in all cases certainly known to open 
externally. The former structure is found especially in the 
marine Prosobranchiates (Nassa, etc.) where it has been fully 
studied by Bobretzky. It consists of a mass of cells on each 
side of the body, close to the base of the foot, and not far 
behind the velum. This mass grows very large, and below it 
may be seen a continuous layer of epiblast. The cells forming 
it fuse together, their nuclei disappear, and numerous vacuoles 
containing concretions arise in them. At a later stage all the 
vacuoles unite together and form a cavity filled with a brown 
granular mass. 

The provisional internal renal organ is found in many pulmo- 
nate Gasteropods — Lymnseus, Planorbis, etc. It consists of a 
paired V-shaped ciliated tube with a pedal and cephalic limb. 
The former has an external opening, but the termination of the 
latter is still in doubt. 

It consists, according to Biitschli’s description (No. 244), in the fresh- 
water Pulmonata (Lymnseus, Planorbis) of a round sack, close to the head, 
opening by an elongated and richly ciliated tube in the neighbourhood of 
the eye. From the sack a second shorter tube passes off towards the foot, 
which seems however to end blindly. The cells lining the sack contain 
concretions, and there is one especially large cell in the lumen of the sack 
attached on the side turned towards the eye. It coexists in Lymna^us with 
provisional renal organs of the type of those in marine Prosobranchiata. 

A somewhat different description of the structure and development of 
this organ in Planorbis has i-ecently been given by Rabl (No. 268). It 
consists of a V-shaped tube on each side with both extremities opening into 
the body cavity. The one limb is directed towards the velar area, the other 
towards the foot. It is developed from the mesoblast cells of the anterior 
part of the mesoblastic band. The large mesoblast (p. 227 ) of each side 
grows into two processes, the two limbs of the future organ. A lumen in 
the cell is continued into each limb, while continuations of the two limbs of 
the V are formed from the hollowing out of the central parts of the adjoining 
mesoblast cells. 

In Limax embryos Gegenbaur found a pair of elongated 
provisional branched rerial sacks, the walls of which contained 
concretions. These sacks are provided with anteriorly directed 
ducts opening on the dorsal side of the mouth. This organ is 
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probably of the same nature as the provisional renal organ in 
other Pulmonata. 

Permanent t'enal organ. According to the most recent ob- 
server (Rabl, No. 2G8), whose statements are supported by the 
sections figured, the permanent renal organ in Gasteropods is 
developed from a mass of mesoblast cells close to the end of the 
intestine. This is first carried somewhat to the left side, and 
then becomes elongated and hollow, and attaches itself to the 
epiblast on the left side of the anus (fig. io8, r). After the 
formation of the heart the inner end opens into the pericardium 
and becomes ciliated, the median part becomes glandular and 
concrements appear in its lining cells, and the terminal part 
forms the duct. 

Previous observers have usually derived this organ from the epiblast ; 
according to Rabl this is owing to their having studied too late a stage in the 
development. 

In Cephalopoda the excretory sacks or organ of Bojaniis are 
apparently differentiations of the mesoblasth At an early stage 
part of their walls envelops the branchial veins. From this 
part of the wall the true glandular section of the organ would 
seem to be formed. The epithelium forming the inner wall of 
each sack is at an early age very columnar. 

The development of the organ of Bojanus in Lamellibranchiata 
has been studied by Lankester. He finds that it develops as a 
paired invagination of the epiblast immediately ventral to the 
anus. 

Generative glands. The generative glands in Mollusca 
would appear to be usually developed in the post-larval period, 
but our knowledge on this subject is extremely scanty. 

In Pteropods Fol believes that he has proved that the hermaphrodite 
gland originates from two independent formations, one (the testicular) 
epiblastic in origin, and the other (the ovarian) hypohlastic. 

These views of Fol do not appear to me nearly sufficiently substantiated 
to be at present accepted. 

The generative glands in Cephalopoda appear to be simple 
differentiations of the mesoblast. They are at first very closely 


^ I conclude this from Bobretzky’s figures. 
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connected with the aortic heart (fig. i 2 y,kd}, but soon become 
completely separated from it. 

Alimentary tract. The formation of the archenteron, and 
the relation of its opening to the permanent mouth and anus, has 
already been described and needs no further elucidation. It will 
be convenient to treat the subject of this section under three 
headings for each group^ — viz. (i) the mesenteron, (2) the sto- 
modaeum, and (3) the proctodaeum. 

The mesenteron. In the Gasteropoda and Pteropoda the 
mesenteron, as has already been mentioned, forms a simple sack, 
which may however, owing to the presence of food-yolk, be at 
first without a lumen. Of this sack an anterior portion gives 
rise to the stomach and liver, and a posterior to the intestine. 
This latter portion is the first to be distinctly differentiated as 
such, and forms a narrowish tube connecting the anterior dila- 
tation with the anus. In the meantime the cells of a great 
part of the anterior portion of the mesenteron undergo peculiar 
changes. They enlarge, and in each of them a deposit of food 
material appears, which is often at any rate derived from the 
absorption of the albumen in which the embryo floats. The cells 
on the dorsal side, adjoining the oesophageal invagination, and 
the whole of the cells on the ventral side do not however undergo 
these changes. There thus arises an anterior and ventral region 
adjoining the oesophagus, which becomes completely enclosed by 
small cells and forms the true stomach. The part behind and 
dorsal to the stomach is lined by the large nutritive cells and 
forms the liver. It opens into the stomach at the junction of the 
latter with the intestine, which in the later stages becomes bent 
somewhat forwards and to the right. Still later the hepatic 
region becomes branched, the albuminous contents of its cells 
are replaced by a coloured secretion, and it becomes bodily 
converted into the liver. The stomach is usually richly ciliated. 

The various modifications of the above type of development of the 
alimentary tract are to be regarded as due to the disturbing influence of 
food-yolk. Where primitively the hypoblast cells are very bulky, though 
invaginated in a normal way, the wall of the hepatic region becomes 
immensely swollen with food-yolk, e.g. Natica. In other cases amongst 
certain Pteropods (Fol, No. 249) where the hypoblast is still more bulky, 
part of the archenteric walls becomes converted into a bilobed sack opening 
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into the pyloric region, in the walls of which a large deposit of food material 
is stored, which gradually passes into the remainder of the alimentary tract 
and is there digested. The bilobed nutritive sack, as it is called by F ol, is 
eventually completely absorbed, though the liver in some, if not all cases, 
grows out as a fresh sack from its duct. 

The formation of the permanent alimentary tract, when the hypoblast is 
so bulky that there is no true archenteric cavity, has been especially investi- 
gated by Bobretzky (No. 242). 

In the case of a species of Fusus the hypoblast, when enclosed by the 
epiblast, is composed of four cells only. The blastopore remains perma- 
nently open at the oral region, and around it the cesophagus grows in a 
wall-like fashion. The protoplasmic portions of the four hypoblast cells are 
turned towards the oesophageal opening, and from them are budded off 
small cells which are continuous at the blastopore with the epiblast of the 
cesophagus. These cells give rise posteriorly to the intestine and anteriorly 
to the sack, which becomes the stomach and liver. This sack always 
remains open towards the four primitive yolk cells. The cells of the 
posterior part of it become larger and larger and form the hepatic sack, 
which fills up the left and posterior part of the visceral sack, pushing the 
yolk cells to the I'ight. The cells lining the hepatic sack become pyramidal 
in .shape, and each of them is filled with a peculiar mass of albuminous 
material. The cells adjoining the opening of the oesophagus remain small, 
become ciliated, and form the stomach. They are not sharply separated off 
from the cells of the hepatic sack. The yolk cells remain distinct on the 
right side of the body during larval life, and their food material is gradually 
absorbed for the nutrition of the embryo. 

A modification of the above mode of development, where the food 
material is still more bulky and the blastopore closed, is found in Nassa, 
and has already been described {vide p. 233). 

The stomodmmi. The stoniodseum in most cases is formed 
as a simple epiblastic invagination which meets and opens into 
the raesenteron. When the blastopore remains permanently 
open at the oral region the stomodteiim is formed as an epiblastic 
wall round its opening. In all cases the stomodEeum gives rise 
to the mouth and cesophagus. At a subsequent period there are 
developed in the oral region of the stomodaeum the radula in a 
special ventral pit, and the salivary glands— the latter as simple 
outgrowths. 

The cesophagus is usually ciliated. 

The proctodeemn. Except where the blastopore remains as 
the permanent anus (Paludina) the proctodaeum is always formed 
subsequently to the mouth. Its formation is usually preluded 
by the appearance of two projecting epiblast cells, but it i.s 
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always developed as a very shallow epiblastic invagination, which 
does not give rise to any part of the true intestine. 

In the Cephalopods the alimentary tract is formed, as in 
other cephalophorous Mollusca, of three sections, (i) A stomo- 
daeum, formed by an epiblastic invagination, which gives rise to 
the mouth, oesophagus and salivary glands. (2) A proctodeum, 
which is an extremely small epiblastic invagination. (3) A 
mesenteron, lined by true hypoblast, which forms the main 

c7ts 



Fig. 116. Longitudinal vertical section through a Loligo ovum when 

THE MESENTERIC CAVITY LS JUST COMMENCING TO BE FORMED, (After Bobretzky.) 

gls. salivary gland 5 h-d. sbeath of radula ; oe. oesophagus ; ds. yolk-sack ; cks. 
shell-gland ; mi. mantle ; J>d/i. mesenteron ; x. epiblastic thickening between the folds 
of the funnel. 

section of the alimentary tract, viz, the stomach, intestine, the 
liver, and ink sackh 

The mesenteron. The mesenteron is first visible from the 
surface as a small tubercle on the posterior side of the mantle 
between the rudiments of the two gills (fig. 1 1 1 B, ari). Within 
this, as was first shewn by Lankester, a cavity appears. 

This cavity is as in Gasteropods open to the yolk-sack, and 
only separated from the yolk itself by the yolk membrane 
already spoken of. It is at first lined by indifferent cells of the 
lower layer of the blastoderm, which however soon become 
columnar and form a definite hypoblastic layer (fig. 126, 
Between the hypoblast and epiblast there is a very well marked 
layer of mesoblast. As the mesenteric cavity extends, its walls 


The following description applies specially to Loligo, 
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meet the epiblast, and at the point of contact of the two layers 
the epiblast becomes slightly pitted in. At this point the anus 
is formed at a considerably later period (fig. 127, an). 

On the ventral side of the primitive mesenteron an outgrowth 
appears very early, which becomes the ink sack (fig. 127, bi). 

The mesenteric cavity, still open to the yolk, gradually ex- 
tends itself in a dorsal di- 
rection over the yolk-sack, 
but remains for some time 
completely open to it ven- 
trally, and only separated 
from the actual yolk by 
theyolk membrane. There 
early grow out from the 
walls of the mesenteron 
a pair of hepatic diver- 
ticula. 

As the mesenteric 
cavity extends it dilates 
at its distal extremity 
into a chamber destined 
to form the stomach (fig. 

127, mg). At about this 
time the anus becomes 
perforated. Shortly af- 
terwards the mesenteron 
meets and opens into 
the cesophagus at the 
dorsal extremity of the 
yolk sack, but at the time 
when this takes place the 
hypoblast has extended 
round the entire cavity, 
and has shut it off from 
the yolk. The yolk mem- 
brane throughout the 
whole of this period is 
quite passive, and has no 

share in forming the walls of the alimentary tract. 





Fig. X27. LoNGITUDINAI, SECTION THROUGH 
AN ADVANCED EMBRYO OF LOLIGO. (After Bo- 
bretzky.) , 

6 s. mouth; gis. salivary gland ; M. sheath of 
radula ; <10. anterior aorta ; ao^. posterior aorta; 
zia. branch of posterior aorta to shell sack ; ma, 
branch of posterior aorta to mantle ; c. aortic 
heart ; oe. cesophagus ; mg. stomach ; cm., anus ; 

ink sack ; M. germinal tissue ; eih. shell sack; 
VC. vena cava ; g.vs. visceral ganglion ; g.pd. pedal 
ganglion ; ac. aiiditoi7 sack ; funnel. 
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The stomodmim. The stomodaeum appears as an epiblastic 
invagination at the anterior side of the blastoderm, before any 
trace of the mesenteron is present. It rapidly grows deeper, 
and, shortly after the mesenteric cavity becomes formed, an 
outgrowth arises from its wall adjoining the yolk-sack, which 
gives rise to the salivary glands (figs. 126 and 127, gb). Im- 
mediately behind the opening of the salivary glands there 
appears on its floor a swelling which becomes the odontophore, 
and behind this a pocket of the stomodseal wall forms the 
sheath of the radula (figs. 126 and 127, b^'d). Behind this again 
the oesophagus is continued dorsalwards as a very narrow tube, 
which eventually opens into the stomach (fig. 127). 

The terminal portion of the rudiment of the salivary gland 
divides into two parts, each of which sends out numerous diver- 
ticula which constitute the permanent glands. The greater part 
of the original outgrowth remains as the unpaired duct of the 
two glands b 

In the larva observed by Grenacher the anterior pair of 
salivary glands originated from independent lateral outgrowths 
of the floor of the mouth, close to the opening of the posterior 
salivary glands. 

The yolk-sack of the Cephalopoda. The yolk, as has already been stated, 
becomes at an early period completely enclosed in a membrane formed of 
flattened cells, which constitutes a definite yolk-sack. It is, in the more 
typical forms of Cephalopoda, divided into an external and an internal 
section, of which the fonner is probably a special differentiation of the 
median part of the foot of other cephalophorous Mollusca {vide p. 272). At 
no period does the yolk-sack communicate with the alimentary tract. The 
two sections of the yolk-sack are at first not separated by a constriction. In 
the second half of embryonic life the condition of the yolk-sack undergoes 
considerable changes. The internal part grows greatly in size at the expense 
of the external, and the latter diminishes very rapidly and becomes con- 
stricted off from the internal part of the sack, with which it remains con- 
nected by a narrow vitelline duct. 

The internal yolk-sack becomes divided into three sections : a dilated 
section in the head, a narrow section in the neck, and an enormously 
developed portion in the mantle region. It is the latter part which mainly 
grows at the expense of the external yolk-sack. It gives off at its dorsal 
end two lobes, which pass round and embrace the lower part of the oesopha- 


In Loligo only a single pair of salivary glands is present. 
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gus. The passage of the yolk from the external to the internal yolk-sack is 
probably largely due to the contractions of the former. 

The external yolk-sack is not vascular, and probably the absorption of 
the yolk for the nutrition of the embryo can only take place in the internal 
yolk-sack. The most remarkable feature of the Cephalopod yolk-sack is the 
fact that it lies on the opposite side of the alimentary ti'act to the yolk cells, 
which form a rudimentary yolk-sack in such Gasteropoda as Nassa and 
Fusus. In these forms, the yolk-sack is at first dorsal, but subsequently is 
carried by the growth of the liver to the right side. In Cephalopoda on the 
contrary, the yolk-sack is placed on the ventral side of the body. 

What is known of the development of the alimentary tract in 
the Polyplacopliora has already been mentioned. 

In the Lamellibranchiata (Lankester, No. 239), the mesen- 
teron early grows out into two lateral lobes which form the liver, 
while the part between them forms the stomach. 

In Pisidium the intestine is formed from the original pedicle 
of invagination, which remains permanently attached to the 
epiblast. The stomodseum is formed by the usual epiblastic 
invagination, and becomes the mouth and oesophagus. The 
development of the crystalline rod and its sack do not appear to 
be known. In the adult the sack of the crystalline rod opens 
into a part of the alimentary tract which appears to belong to 
the mesenteron. Were however the development to shew them 
to be really derived from the stomodaeum they might be inter- 
preted as rudiments of the organ which constitutes the odonto- 
phore and its sack in cephalophoroiis Mollusca — an interpretation 
which would be of considerable phylogenetic interest. 
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CHAPTER X. 


POLYZOA\ 

Entoprocta. 

The development of the larvae of Pedicellina is known from 
the researches of Hatschek (No. 299) far more completely than 
that of Loxosoma, though it does not apparently difftn* from it 
except in certain details. In both the known hhitoproctous 
genera the segmentation is regular or nearly so, though Hatschek 
believes that he has detected in Pedicellina a .slight difference 
between the two first segmentation spheres, and regards them as 
constituting the animal and vegetative poles of the embryo. The 
segmentation in Pedicellina, to which genus alone the remainder 
of the description applies, results in the formation of a single- 
layered blastosphere, with a small segmentation cavity, in which 
the animal and vegetative poles can readily be distingui.shed 
owing to the smaller size of the cells at the animal pole. 

The hypoblast cells and the vegetative® pole become invagi- 

^ The classification of the Polyzoa adopted in this chapter is shewn in the sul)- 
joined table : 

I. Entoprocta. 

IL Ectoprocta. 

f a. Ghilostomata. 
b. Ctenostomata. 
c. Cyclo.stoniata. 

■2. Pl-IYLACTOLaSMATA. 

3. PODOSTOMATA {Rhahdopleura). 

2 Tlie succeeding statements about the gastrula are derived from Hatschek. 
According to Salensky a segmentation cavity is not present, and the hypoblast would 
seem to be formed by delamination or epibole. Barrois find.s a gastrula in both 
Loxosoma and Pedicellina, but gives no details. Uljanin finds a segmentation cavity 
in Pedicellina, and Schmidt would appear to have observed a gastrula stage in 
Loxosoma. None of the accounts we have can he compared in fulness of detail to 
that of Hatschek, 
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nated in the normal manner (fig. 128 A), the blastopore becomes 
narrowed to a slit with an antero-posterior direction, i.e. parallel 
to the line connecting the mouth and anus in the adult. At 
the hinder extremity of the blastopore there are present two 
conspicuously large cells (fig. 128 me\ one on each side of 
the middle line. These cells give rise to the mesoblast. On 
the completion of the invagination the mesoblasts become 
covered by the epiblast (fig. 128 C, me). The blastopore then 
closes, but in the position it occupied the epiblast becomes 
thickened to form the rudiment of the vestibule, which at this 
stage constitutes a disc marked off by a shallow groove from the 
remainder of the body. 


Fiti. laS. Three STAGES IN THE development of Pediceluna ecuinata. 
(After I'latschek.) 

S.C. segmentation cavity j a.e. archenteron ; ep. epiblast ; me. mesoblast ; hy. 
hypoblast. 

A is the commencing gastrula stage from the side in optical section. 

B is a slightly later stage from above in optical section. It shews the two primi- 
tive mesoblast cells, 

C is a later stage after the closure of the blastopore, viewed from the side in 
optical section. 

At the anterior extremity of this disc an invagination arises 
to form the oesophagus (fig. 129 A, oe) ; and not long afterwards 
a posterior invagination to form the rectum (fig. 129 B, an.i).^ 
The oral disc and the oesophagus are richly ciliated. Thc| 
oesophagus first, and afterwards the rectum unite with the , 
archenteron (fig. 130), the walls of which soon become dififerf 
entiated into a stomach and intestine, and on the upper waf 
of the former the hepatic cells become especially conspicuous 

(%■ 130). 
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During- the completion of the alimentary canal a nunihcr oi 
important structures is formed. The disc in which the oral and 
anal apertures are situated becomes converted into a true vcsti- 



Fig. lay. Two stacks in the development ue Pkdk'Kluna. (After 
Hatschek.) 

064 cesopliagus; ae. arclienteron ; ««./. anal invagination j f. fokl of epiblastj 
f.g, ciliated disc; x. problematical body derived from hypoblast {probably a bud). 

bule. On its floor, between the mouth and the anus, there arises 
a marked prominence with a tuft of cilia (fig. 130 B), which 
persists in the adult. 

This prominence is perhaps equivalent to the epistome of the 
Phylactoljemata and the disc-like organ of Rhabdopleura, which 
Lankester has compared to the molluscan foot\ 

Very shortly after the first formation of the vestibule there 
appears at the opposite end of the larva a thickening of the 
epiblast, which soon becomes invaginated, and forms an eversible 
pit (fig. 129 A and Round its mouth there is formed a 

ring of stiff cilia (fig. 130, f.g.). This organ .is very possibly 
equivalent to the cement gland described by Kowalevsky in the 
adult Loxosoma. I shall speak of it as the ciliated disc. 

The epiblast cells early secrete a cuticle. 

The two mesoblast cells soon increase by divi.sion, and 
occupy the space between the alimentary canal and the body 
wall. They do not become divided into a splanchnic and 
somatic layer ; but give rise to the interstitial connective ti.s.siie 

1 Lankester. “Remarks on the Affinities of Rhabdopleura.” QuarL y. 0/ 
Micro. Science,'^ 
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and muscles. From the mesoblast there is also formed, ac- 
cording to Hatschek, a pair of ciliated excretory canals, in the 
space between the mouth and anus (fig. 130 B, nph). The 
development of the nervous system has not been observed. 

At a comparatively late stage in the development there is 
formed round the edge of the vestibule a ring of long cilia (fig. 
130 B, m). 

A remarkable organ makes its appearance on the dorsal side 
of the oesophagus (the side opposite the adult ganglion) formed 
of an oval mass of cells attached to the epiblast at the apex of a 
small ciliated papilla (fig. 130 A and B. x). This organ will be 



Fig. 130. Two stages in the development of Pedicellina. (After 
Hatschek.) 

V. vestibule ; m. mouth ; /. liver ; hg. hind-gut ; a. anus j and. anal invagination; 
nph. duct of kidney ; fg. ciliated disc ; x. dorsal organ (probably bud). 

spoken of as the dorsal organ. According to Hatschek it 
develops as a solid outgrowth of the hypoblastic walls of the 
mesenteron shortly before tlie mesenteron joins the oesophagus 
(fig. 129 B, X.). The cells composing it arrange themselves as a 
sack, which acquires an external opening on the dorsal surface 
(fig. 130 A, A'.). In a later stage the lumen of the sack dis- 
appears, but at the junction of the organ with the epiblast a pit 
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surrounds, like the vestibule of the Entoprocta, a flat oral disc. 
The aboral side is dome-shaped, and forms the greater part 
of the embryo. 



Fig. 132. Advanced larva of Flustrella hispida. (After Barrois.) 

m [?) groove above dorsal organ ; Ph. dorsal organ ; st. stoniodoeum (?) ; j. ciliated 
disc at aboral end of body. 

In the next stage a small disc — the ciliated disc — is formed 
in the middle of the aboral dome. The larva becomes laterally 
compressed. The ring of large cells which now constitute the 
edge of the vestibule is covered, as in the larva of Pedicellina, by 
cilia, which are specially long in front of the dorsal organ. 

In the next stage the ciliated disc (fig. 132, s.) becomes 
reduced in size, but surmounted by a ring of cilia round the 
edge, and a tuft of cilia in the centre. The chief difference 
between this larva and that of Alcyonidium depends on the 
small size of the ciliated disc, and the oral position of the ciliated 
ring in the former. There are intermediate types between these 
forms of larvae. 

This stage immediately precedes the liberation of the larva. 
The free larva differs from that in the ovicell mainly in the 
possession of a shell formed as a cuticular structure, composed 
of two valves placed on the two sides of the embryo. The 
aboral ciliated disc, still more reduced in size, loses its cilia, and 
becomes enclosed between the two valves of the shell. 

The post-embryonic metamorphosis follows, so far as is known, 
the course already described for the larva of Alcyonidium. 
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Cyphonaiites (fig. 133 ) forms at certain seasons of the year 
<4'*"' one of the commonest captures in the surface net It was origi- 
nally described by Ehrenberg, but the important discovery of its 
true nature as the larva of Membranipora (the common species C. 
CO inpressus is the larva of Mem. pilosa), a genus of the chilosto- 
matous Polyzoa, was made by Schneider (No. S22). The younger 
stages of the larva have not been worked out, but from a 
comparison with the last described larva it is easy to make out 
the general relationship of the parts. The larva has a triangular 
form with an aboral apex, corresponding with the summit of the 
dome of the Flustrella larva, and an oral base. It is enclosed in 
a bivalve shell, the two valves of which meet along the two sides, 
but are separate along the base. At the apex an opening is left 
between the two valves, through which a ciliated disc {f.g) of 
the same character and nature as that of previous larvm can be 
protruded. 

The oral side or base is girthed by a somewhat sinuous 
ciliated edge, which is continued round the anterior and posterior 
extremities of the oral disc. It is no doubt equivalent to the 
ciliated ring of other larvae. Two openings are present on the 
^ oral face, both enclosed in a special lobe of the ciliated ring. 

The larger of these leads 
into a depression, which 
may be called the ves- 
tibule; and is situated 
on the posterior side of 
the oral surface. The 
smaller of the two, on 
the anterior side, leads 
into a cavity which is 
apparently (Hatschek) 
equivalent to the rudi- 
mentary bud or dorsal 
organ of other larvm. 

The deepei pait of the Cyphonautes (larva of Mem- 

vcstibulc leads into the 1U4ANIPOR,a). (After Hatschek.) 
mouth (w) and cesopha- m. mouth; a'. anu.s; f.g. ciliated disc; a -. 
gus; the latter is con- foW'-attal body {protably a bud). 

tinned till close to the apex of the larva, there bends upon 
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itself, dilates into a stomach, and is continued parallel to the 
cesophagus as the rectum which opens by an anus {a') at the 
posterior end of the vestibule. A peculiar paired organ is 
situated on each side nearly above the stomach. Its nature 
is somewhat doubtful. It was regarded as muscular by Clapa- 
rede (No. 309), though this, as shewn by Schneider, is no doubt 
a mistake. Allman (No. 305) regards it as hepatic, and Hat- 
schek as a thickening of the epidermis. Close to each of these 
organs is a small body regarded by ClaparMe as an accessory 
muscle. It is placed in the normal position for a Polyzoon 
ganglion, and may perhaps be therefore regarded as nervous in 
nature. Allman points out its similarity to a bilobed ganglion, 
but is not inclined to take this view of it. The constitution 
of the parts contained in the anterior cavity {x) is somewhat 
obscure. The most elaborate descriptions of them are given by 
Schneider and Allman. Lining the cavity is apparently a ma.ss 
of spherical bodies, connected wdth which is a tongue-like process 
provided with long cilia, which can be protruded from the orifice. 
Internal to this is a striated body. A good figure of the whole 
structure is given by Schneider. 

The general similarity of Cyphonautes to the other larvm is 
quite obvious from the above description and figure. In the 
presence of an anus, a vestibule, and possibly a nervous 
system, it clearly exhibits a far more complicated organisa- 
tion than any other Polyzoon larvm except those of the 
Entoprocta. 

The post-embryonic metamorphosis of Cyphonaute.s, ad- 
mirably investigated by Schneider, takes |)lace in the same 
manner as that of other larvae, and is accompanied by the de- 
generation of the larval organs, and the formation of a clear 
body, which gives rise to the alimentary cavity and lophophore 
of the fixed polype. The larval shell takes part in the formation 
of the ectocyst of the polype. 

Cyclostomata. We owe to Barrois by far the fullest account of the 
development of the Cyclostomata, but how far his interpretations are to be 
trusted is very doubtful. The larvae differ very considerably from the 
normal larvae of the Chilostomata and Ctenostomata ; the difference being 
mainly due to the enormous development of the ciliated disc. Barrois has 
investigated the larv® of three genera, Phalangella, Crisia, and I)iastojXM-a, 
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and states that they very closely resemble each other. The ovum is ex- 
tremely minute. 

The segmentation, so far as it has been made out, is regular. During 
the segmentation growth is very rapid, and eventually there is formed a 
blastosphere many times larger than the original ovum. The blastosphere 
becomes flattened, and is converted into a gastrula by bending up into 
a cup- like form. The gastrula opening is stated to remain as the permanent 
mouth, which has a terminal and central position. A transverse ring-like 
thickening is formed round the larva, which probably corresponds with the 
ciliated ring of previous larvae ; and the body of the larva in front of this 
ring becomes ciliated. The aboral end of the larva becomes thickened, and 
grows out into an elongated prominence, which probably corresponds to the 
ciliated disc. The ring before mentioned becomes at the same time more 
prominent, and forms a cylindrical sheath for the ciliated disc. At the 
time when the larva becomes liberated from the maternal cell it has the 
form of a barrel with a slight constriction in the middle separating the oral 
from the aboral end. At the centre of the oral face is situated the mouth, 
leading into a wide stomach, while the aboral end is formed of the ciliated 
disc enclosed in its sheath. The whole surface is now ciliated. No 
structure equivalent to the dorsal organ or bud is desa’ibed by Barrois, but 
in other I'espects, if the ciliated disc is really equivalent in the two forms, a 
general comparison on the line indicated above between this larva and the 
normal larvm of the Ctenostomata and Chilostomata seems quite possible. 
The fixation and subsequent development of the larva take place in the 
normal manner. 

Phylactolsemata. Tlie development of the phylactoh^ma- 
tous Polyzoa ha.s been studied by Metschnikoff (No. 315 ), who 
de.scribes the eggs as undergoing a complete segmentation within 
a peculiar brood-pouch developed from the walls of the body of 
the parent. After segmentation the cells of the embryo arrange 
themselves in two layers round a central cavity. The embryo 
then forms the well-known cyst, from which a colony is formed 
by a process of budding. 

General considerations on the Larvce of the Polysoa. 

The dilferent forms of embryo amongst the Polyzoa are 
represented in figs. 130 B, 131, 132, and 133 in what I regard as 
identical positions, and fig. 133 A is a figure of what may be 
regarded as an idealized larval Polyzoon. In all the larvae there 
is present a ciliated ring, which separates an oral from an aboral 
face, and is apparently homologous throughout the series. In 
the adult it is probably represented by the lophophore. On the 
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oral face is situated in all cases the mouth, and in the entoproc- 
tous larvre and C3^phonautes also the anus. It thus appears that 
Gyphonautes, though the lai-va of an ectoproctous form, is itself 
entoproctous — a fact which tends to shew that the Entoprocta 
are the more primitive forms. In all the larvae, except possibl}'- 
those of the Cyclostomata, there is present on the anterior side 
of the mouth, in the Ectoprocta on the oral, and in the Ento- 
procta on the aboral side of the ciliated ring, an organ, to which 
is attached externally a plume of long cilia. This organ has 
been identified throughout the series 
in accordance with Hatschek’s view 
as the dorsal organ or rudimentary 
bud ; but it is well to bear in mind 
that this identification is of a purely 
hj’-pothetical character. 

On the aboral side of the ciliated 
ring there is present in all the larvae 
an organ, which has been called the 
ciliated disc, which is probably homo- 
logous throughout the series. It perhaps remains in the adult of 
Loxosoma as the cement gland, but not in other forms. 

The Polyzoa present a simple and almost certainly degraded 
organisation in the adult state ; it is therefore more than usually 
necessary to turn to their larvae for the elucidation of their 
affinities, and various plausible suggestions have been made as 
to the interpretation of the characters of the larvae. 

Lankester' has suggested that the larvae are essentially 
similar to those of Molluscs. Pie compares the main ciliated 
ring to the velum, but has ingeniously suggested that it repre- 
sents not the simple velar ring of most molluscan larvae, but 
a more extended longitudinal ring, of which the gills of Lamel- 
libranchiata are supposed by him to be remnants, and to which 
the Echinoderm larvm with one continuous ciliated band furnish 
a parallel. 

The foot he finds in the epistome of the Phylactolaemata, 
and the disc of Rhabdopleura— both situated between the 
mouth and anu.s, and therefore in the situation of the molluscan 

hLankester. “ Remarks on the affinities of Rhabdopieura." Quart, /. of 
.S'rtmv, Vol. XIV. 1874. 



Fig. 133 A. Diagkam of an 

IDEAL LARVA OF A POLYZOON. 

m. mouth; a/L anus; .rA sto- 
mach; s. ciliated disc. 
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foot The peculiar prominence between the mouth and the 
anus in Pedicellina {vide fig. 130 B) and Loxosoma is probably 
the same structure. 

Penally he identifies my ciliated disc, which as mentioned 
above is perhaps equivalent to the cement gland in the adult 
Loxosoma, as the molluscan shell-gland. Lankesters interpre- 
tations are very plausible, but at the same time they appear to 
me to involve considerable difficulties. 

There is absolutely no evidence amongst the Mollusca of the 
existence of a primitive longitudinal ciliated ring, such as he 
supposes to have existed, and Lankester is debarred from 
regarding the ciliated ring of the Polyzoa as equivalent to the 
simple velar ring of the Mollusca, because his shell-gland lies in 
the centre and not as it should do on the posterior side of the 
ciliated ring. 

Another difficulty which I find is the invariable ciliation of 
Lankester’s shell-gland — a ciliation which never occurs amongst 
Mollusca. 

It appears to me that a more satisfactory comparison of the 
larvm of the Polyzoa with those of the Mollusca is obtained by 
dropping the view that the ciliated di.sc is the shell-gland, and 
by regarding the ciliated ring as equivalent to the velum. This 
mode of comparison has been adopted by Platschek. 

The larva ceases however on this view to have any special 
molluscan characters (except possibly the organ which Lankester 
has identified as the foot), and only resembles a molluscan larva 
to the same extent as it does a larva of the Polychseta. The 
ciliated disc lies according to this view in the centre of the velar 
area or prae-oral lobe, and therefore in the situation in which a 
tuft of cilia is often present in lamellibranchiate and other 
molluscan larvae, and also in the larvae of most Chaetopoda. It 
is moreover at this point that the supra-oesophageal ganglion is 
always formed in the Mollusca and Chaetopoda as a thickening 
of the epiblast (fig. 134, sgi), so that the thickening of the 
epiblast in the ciliated disc of the Polyzoa may perhaps be a 
rudiment of the supra-oesophageal ganglion, which entirely 
atrophies in the adult after the attachment has been effected in 
the region of this disc. 

The comparison between the Polyzoon larva and that of a 
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ChjEtopod becomes very much strengthened by taking as types 
Mitraria' (fig. 134) and Cyphonautes (fig. 133). The similarity 



Fig. 134. Two stages in the develoi-ment of Mitraria. (After Metsch- 
nikoff.) 

m. month; anus; j;§-. supra-cesophageal ganglion; hr. anil A provisional 
bristle.?; pr.h. prae-oral ciliated band. 

between these two forms is so striking that 1 am certainly 
inclined to view the larvae of the Polyzoa as trochospheres similar 
to those of Chaetopods, Rotifera, etc., luhich become fixed in the 
adult by the extremity ofi their p 7 '^-oral lobe. 

The attachment of the larva by the prm-oral lobe is not more 
extraordinary than the attachment of a Barnacle by its head, 
and after such a mode of attachment the atrophy of the supra- 
msophageal ganglion would be only natural. 

There is one important fact which deserves to be noted in 
the development of the Polyzoa, viz. that if the suggestion in the 
text as to the mode of development of the adult from the so- 
called larva is accepted, the Polyzoa exhibit universally the 
pheiionienon of alteniations ofi generations. The ovum gives rise 
to a free form which never becomes sexual, but produces by 
budding the sexual attached form. 

^ The larvca of Mitraria is figured with the aboral surface turned upwards, instead 
of downward.s, as in the figure of Cyphonautes. The ciliated liand i.s also diagr.amma- 
lically put in black for greater distinctne.ssi 
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CHAPTER XL 


BRACHIOPODA*. 

The observations which have been made on the develop- 
mental history of the Brachiopoda have thrown very consider- 
able light on the systematic position of this somewhat isolated 
group. 


Development of the Layers. 

For our knowledge of the early stages in the development of 
the Brachiopoda we are almost entirely indebted to Kowalevsky“ 
(No. 326). liis researches extend to four forms, Argiope, 
Terebratula, Terebratulina, and Thecidium. The early develop- 
ment of the first three of these takes place on one plan, and 
that of Thecidium on a second plan. 

In Argiope, which may be taken as typical of the first group, 
the ova are transported into the oviducts (segmental organs) 
where they undergo their early development. The segmentation 
leads to the formation of a blastosphere, which then becomes a 
gastrula by invagination. The blastopore gradually narrows, 
and finally closes, while at the same time the archenteric cavity 


’ The classification of the Brachiopoda adopted in the present chapter is shewn in 
the subjoined table ; 

I. Articulata. 

f a. Liugulidae. 
l>, Craniadse. 
c, Discinidte. 

" Kowalevsky’s Memoir is unfortunately written in Russian. The account in the 
text is derived from an inspection of his figures, and from an abstract in Hoffmann 
and Schwalbe’s y ahrcsbcrichte for 1873. 
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(fig'- 1 35 -A.) becomes divided into three lobes, a median {me) 
and two lateral {pv). These lobes next become completely 
separated, and the middle one forms the mesenteron, while 
the two lateral ones give rise to the body cavity, their outer 
walls forming' the somatic mesoblast, and their inner the 
splanchnic (hg. 135 B). The embryo now elongates, and 
becomes divided into three successive segments (fig. 135 B), 
which are usually, though on insufficient grounds Thecid- 
ium), regarded as equivalent to the segments of the Chmtopoda. 
The alimentary tract is not continued into the hindermost of 
them. 

In Thecidium the ova are very large, and development takes 
place in a special incubatory pouch in, the ventral valve. The 
embiyos are attached by suspenders to 
the two cirri of the arms which immedi- 
ately adjoin the mouth. There is a nearly 
regular segmentation, and a very small 
segmentation cavity is developed. There 
is no invagination ; but cells are budded 
off from the walls of the blastosphere, 
which soon form a solid central ma.ss, 
enclosed by an external layer — the epi- 
blast. In this central mass three cavities 
are developed, which constitute the me- 
senteron and the two halves of the body 
cavity. Around these cavities distinct 
walls become differentiated. The body 
(Lacaze Duthiers, No. 327) soon after 
becomes divided into two segments, of 
w'hich the posterior is the smaller. The 
hinder part of the large anterior segment 
next becomes con.strictcd off as a fresh 
segment, and subsequently the remaining 
part becomes divided into two, of which the anterior is the 
smallest. The embryo thus becomes divided into four segments, 
of which the two foremost appear (i*) together to correspond to 
the cephalic segment of Argiope ; but these segments are formed 
not, as in Chmtopoda and other truly segmented forms, ly the 
addition of fresh segments between the last-formed segment and 



6 

FlO. 135. Two ST.MiKS 
IN THK DliVKI.oI'MKNT OK 
Ahgiovk. (After Kowti- 
levsky.) 

A. I, ate jfastrula stage. 

U. Stage afterplie larva 
has become dividetl hUo 
three segments. 

hi. blastopore ; nit:, me- 
senteron ; /?'. body cavity ; 
h. temporary bristles. 
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the unsegmented end of the body, but by the interpolation of 
fresh segments at the cephalic end of the body as in Cestodes ; 
so that the hindermost segment is the oldest. Assuming the 
correctness^ of Lacaze Duthiers’ observations, the mode of 
formation of these segments appears to me to render it probable 
that they are not identical with the segments of a Chmtopod, 
A suspender is attached to the front end of each embryo. Before 
the four segments are established the whole embryo is covered 
with cilia^ and two and then four rudimentary eyes are 
developed on the anterior segment of the body. 

The history of the Larva and the development of the organs of 
the Adult. 

Articulata. The observations of Kowalevsky and Morse 
have given us a fairly complete history of the larval metamor- 
phosis of some of the Articulata, while some of the later larval 
stages in the history of the Inarticulata have been made known 
to us from the researches of Fritz Miiller, Brooks, etc. The 
embryo of Argiope, which may be taken 
as the type for the Articulata, was left 
(fig. 135 B) as a three lobed organism 
with a closed mesenteron and a body 
cavity divided into two lateral compart- 
ments, On the middle segment of the 
body dorsal and ventral folds, destined 
to form the mantle lobes, make their 
appearance, and on the latter two pairs 
of bundles of setm are present (fig. 135 B). 

The setm together with the mantle folds 
grow greatly, and the setm resemble in ap- 
pearance the provisional setae of many 
Chmtopods (fig. 152). On the hinder 
border of the mantle cilia make their 
appearance. The anterior or cephalic 
segment assumes a somewhat umbrella- 
like form, and round its edge is a circlet archenteron.'^ ’ 

‘ II should l)e .stated that it is by no means clear from Kowalevsky’s ligure.s that 
lie agrees willi Lacaze Duthiers as to the succession of the segments. 

* Kowalevsky in his figures leaves the penultimate lobe unciliated. 



Fig. 136. L.-vrva OK Aii- 
GiopE. (From Gegenbaur, 
after Kowalevsky.) 
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of long cilia, while elsewhere it is provided with a coating of short 
cilia. Two pairs of eyes also arise on its anterior surface (fig, 13O). 

After swimming about for some time the larva becomes fixed 
by its hind lobe, and becomes gradually transformed into the 
adult. The hind lobe itself becomes the peduncle. After 
attachment the mantle lobes bend forward (fig. 137 A, m), and 
enclose the ce- 
phalic lobe. 

The valve.s of 
the shell are 
formed on their 
outer surface as 
two delicate 
chitinous plates 
(fig. 137 B). At 
a somewhat la- 
ter stage the 
provisional bri- 
stles are thrown 
off, and are 
eventually re- 
placed by per- 
manent seta2 
round the edge 
of the mantle. 

The cephalic 
lobe becomes 
located in the 
dorsal valve of 
the shell, and 
the mouth is 
formed near the 
apex of the ce- 
phalic lobe im- 
mediately ven- 
tral to the eye-spots, by an epiblastic invagination. The per- 
manent muscles are formed out of the muscles already present 
in the embryo. 

Around the mouth there arises a ring of tentacles, very 





Fu;, 137, Two STAGES IN THE OhVKI.orM JCNT OK 
AroiOVE, shewing the FOLDS OF THE MANTLE GROWING 
OVER THE CEPHALIC LOBE. (After Kowiilev.sky.) 

_ m. mantle fold-, me. mesenteron ; /</. podnnclc; A pro- 
vi.sional setai. 
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possibly derived from the ciliated ring visible in fig. r36\ The 
ring of tentacles is placed obliquely, and the mouth is situated 
near its ventral side. The tentacles appear to form a post-oral 
circlet, like that of Phoronis (Actinotrocha): they gradually 
increase in number as the larva grows older. 

Some of the later stages in the development 

of the Terebratulidae have been made known to /I ---<5 V 

us by the observations of Morse (No. 328 — 9) 
on Terebratulina septentrionalis. h 

The most interesting point inMorse’s observa- 
tions on the later stages is the description of ^ 1/ 

the gradual conversion of the disc bearing the Ji -s 

circlet of tentacles into the arms of the adult. 

The tentacles, six in number, first foimi a ring I 

I'ound the edge of a disc springing from the 111# 

dorsal lolae of the mantle ; in their centre is 1 ' jljir 

the mouth. In the later stages calcareous u 

.spicula become developed on the tentacles. m 

When the embryo is far advanced the tentacles ]l (f 71 

begin to assume a horse-shoe arrangement, 1 \\ \\ ii-|- /i 

which bears a striking, though probably acciden- | (to// | 

tal, resemblance to that of the tentacles on the \\ \Zf if 

lophophore of the fresh-water Polyzoa. The I s— 4 — 'f 

disc bearing the tentacles is prolonged anteriorly -j 

into two processes, the free ends of the future V ^ d 

arms. By this change of shape in the disc the Diagram of 

tentacles form two rows, one on the anterior and a LONGrrnniNAL vkrtical 
one on the posterior border of the disc, and siRCTioN of an abvancud 
. u 1 .1 • • r i .1 'TM emuryoofLingula. (After 

eventually become the cinn of the arras. I he Brooks.) ' 

mouth is placed between the two rows of tenta- ^ of valves; 4 thick- 
cles, where the two arms of the lophophore meet ened margin of mantle ; r. 
behind. The position of the mouth was the mantle; dorsal median 


original centre of tire ring of tentacles before pp \noud?T^' nmn/e 
they became pulled out into a horse-shoe form, cavity ; A body cavity ; 

In front of the mouth is a lip. The arms grow cesophagus ; /. osso- 

greatly in length in the adult Terebratulina. In liomaJhrir iifSi- 

Thecidium the oral disc retains the horse-shoe nal cliamber of stomach ; o. 

form, while in Argiope the embryonic circular intestine; (j. ventral gang- 

arrangement of the tentacles is only interfered /.^orsal valvrof 
with by the appearance of marginal sinuations. ventral valve of shell. 

’ In the abstract in Hoffman and Schwalbe Kowalevsky is made to state that tlie 
tentacles spring from the border of the mantle. This can hardly be a correct account 
of what he states, since it does not fit in with the adult anatomy of the parts. The 
figures he gives might lead to the supposition that they sprang from the edge of the 
cephalic lobe, or perhap.s from the dorsal lobe of the mantle. 


with by the appearance of marginal sinuations. 
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The shell is deposited as to diitinous plates, which subse- 
quently become calcified. It undergoes in the different genera 
great changes of form during its growth. 

With reference to the larval stages of other Avticulala, a few points may 
be noted. 

The three-lobed larva of Terebratulina septentrionali.s i.s provitlecl with 
a special tuft of cilia at the apex of the front lobe. The arms appear to 
originate, in Terebratulina caput serpentis, as two processes at the sides of 
the mouth, on which the tentacles are fontied. 

Provisional setae do not appear to be formed in the lobed embryos of 
Thecidium and Terebratulina, but they appear at a later stage at the edge of 
the mantle in the latter form. The third lobe of Thecidium gives rise to the 
dorsal and ventral mantle lobes. 

Inarticulata. The youngest stages in the development of 
the Inarticulata are not known, and in the earliest stages 
observed the shell is already developed. The young larvm with 
shells differ however from those of the Articulata in the fact 
that they are free swimming, and that the peduncle is not 
developed. 

The larva of Discina radiata has been described by Fritz Miiller (No. 
331). It resembles generally a larva of the Articulata shortly after the 
tentacles have become developed. Five pairs of long provisional .setat are 
present, of which all but the hindermost are seated on the ventral lobe of 
the mantle. Shorter setae are also lodged on the edge of the dorsal lobe. 
The mouth is placed on the ventral side of a protrusible oral lobe. It is 
imperfectly surrounded by four pairs of tentacles, which form a swimming 
apparatus. 

A fuller history of the development of Lingula has been recently .supplied 
by Brooks (No. 325). The youngest larva is enveloped in two nearly similar 
plate-like valves, covering the two mantle lobes. The mouth is placed at 
the centre of a disc, attached to the dorsal valve, on the margin of which is 
a ring of ciliated tentacles. The general position of the disc, and its 
relations may be gathered from fig. 138 , which represents a diagrammatic 
longitudinal vertical section of the embryo. 

With the growth of the embryo the tentacles increase in number, the 
new pairs being always added between the odd dorsal tentacle and the next 
pair. There is an axial cavity in the tentacles which, unlike the cavity in 
the tentacles of the Polyzoa, does not communicate with the perivisceral 
cavity. As the tentacles increase in number, the lateral parts of the 
tentacular disc grow out into the two lateral arms of the adult, while the 
dorsal margin forms the median coiled arm. These changes are not effected 
till the larva has become fixed. 

The attachment of the larva was not observed; but the peduncle, of 
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which there is no trace in the young stages, grows out as a simple prolonga- 
tion of the hinder end of the body while the larva is still free. It had already 
reached a very great length in the youngest fixed larva observed. 

Developjitetit of Organs. 

The alimentary tract after the obliteration of the blastopore 
forms a closed sack, which becomes suKsequently placed in 
communication with the exterior by the stomodaeal invagination. 
The liver is formed as a pair of dorsal outgrowths of the mesen- 
teron. From Brooks’ observations on Lingula it would appear 
that the primitive mesenteron forms the stomach of the adult 
only, and that the intestine grows out from this as a solid 
process : this eventually meets the skin, and here the anus is 
formed. In the Articulata the mesenteron is aproctous. 

The origin of the body cavity as paired archenteric diverticula 
ha.s already been described. Its somatic wall becomes in Lingula 
ciliated, and its cavity filled wdth a corpusculated fluid, as in 
many Chmtopods. It is eventually prolonged into the dorsal 
and ventral mantle lobes as a pair of horn-like prolongations 
into each lobe, which communicate with the body cavity by 
large ciliated openings. Some incomplete observations of Brooks 
on the development of the nervous .system in Lingula shew that 
it arises in the embryo as a ring round the cesophagus with 
a ventral sub-iesophageal (fig. 138 q), and two lateral ganglia, 
and two dorsal otocysts. The ventral ganglion is formed as a 
thickening of the epiblast, with which it remains in continuity 
for life. The remainder of the ring grows out from the ventral 
ganglion as two cords, which gradually meet on the dorsal side 
of the oesophagus. 

General observations on the Affinity of the Brachiopoda, 

The larva of Argiope, as has been noticed by many observers, has 
undoubtedly very close affinities with the Chmtopoda. It resembles, in fact, 
a mesotrochal larval Chsetopod with provisional setae {yidc Chapter on 
Chaetopoda). Lacaze Duthiers’ observations point to the lobes of the larva 
not being true segments, and certainly the mesoblast does not in the embryo 
become segmented as it ought to do were these lobes true segments. If this 
view is correct the larva is to be compared to an unsegmented Chietopod 
larva. In Rhynchonella, however, indications of two segments are afforded 
in the adult in the two pairs of segmental organs. 

'Fhough the larval Brachiopod resembles a mesotrochal Chmtopod larva, 
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it does not appear to resemble the trochosphere larvte so far described, or 
the more typical larvte of the Chsetopoda, in that the ring (if tentacles, which 
is probably, as already mentioned, derived from the ciliated ring shewn in 
hg. post-oral, and not prm-oral. The ring of teirtacles is like the 

ring in Actinotrocha (the larva of Phoronis) amongst the Gephyrea. 
Although there is no doubt a striking resemblance between the tentacular 
disc of a larval Brachiopod and the lophophore of a Polyzoon, which has 
been pointed out by Lairkester, Morse, Brooks, etc., their homology is 
rendered, to my mind, very doubtful (i) by the fact that the lophophore is 
prse-oral in Polyzoa^' and post-oral in Brachiopoda ; and (2) by the fact that 
the concave side of the lophophore is turned in nearly opposite directions 
in the two forms. In Brachiopods it is turned dorsalwards, and in phylacto- 
lacmatous Polyzoa ventralwards. 

The view of Morse, that the Brachiopoda are degraded tubicolous 
Clnetopods, is not so far supported by any definite embryological facts. 
The development of the tentacular ring as well as its innervation from the 
sub-cesophageal ganglion prohibit us, as has been pointed out by Gegenbaur, 
from comparing it with the tentacles of tubicolous Chictopocla. 
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CH^TOPODA*. 

Foi'ination of the Germinal Layers. 

Most Cheetopoda deposit their eggs before development. 
The Oligochaeta lay them in peculiar cocoons or sacks formed 
by a secretion of the integument. Some marine Polychaeta cany 
them about during their development. Autolytus cornutus has 
a special sack on the ventral surface in which they are hatched. 
In Spirorbis Pagenstecheri they develop inside the opercular 
tentacle, and in Spirorbis spirillum inside the tube of the 
parent. 

A few forms {e.g. Eunice sanguinea, Syllis vivipara, Nereis 
diversicolor) are viviparous. 

Perhaps the most primitive type of Chaetopod development 
so far observed is that of Serpula (Stossich, No. 357) There is 
a regular segmentation resulting in the formation of a blasto- 
sphere with a central segmentation cavity. An invagination of 
the normal type now ensues. The blastopore soon narrows to 
become the permanent anus, while the invaginatecl hypoblast 
forms a small prominence with an imperfectly developed lumen, 
which does 710 1 nearly fill up the segmentation caznty (fig. 139 A). 
The embryo, which has in the meantime become completely 

^ The following classification of the Chajtopocla is adopted in the present section. 

I. Achaeta {Pofygordius). 

Myoh.ta. 

HI. Oligochgeta. 

'Fhe observations of Stossich are not thoroughly satisfactory. 
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FORMATION OF THE LAYERS. 



(After .Stos.sich.) 


Serpula is one of the few Ghaetopoda at pre.sent known in 


covered with cilia, now assumes more or less the form of a cone, 
at the apex of which is the anu.s, while the base forms the 
rudiment of a large prae-oral lobe. The alimentary sack grows 
forwards and then bends upon itself nearly at right angles, and 
meets a stomodaeal invagination from the ventral side some way 
from the front end of the body. 

The alimentary canal soon differentiates itself into three 
regions (i) oesophagus, (2) stomach, and (3) intestine. With 


these changes the larva, which in the meantime becomes hatched, 
assumes the characters of a . typical Annelid larva (fig. 139 B). 
In front is a large pr^-oral lobe, at the sides of which the eye- 
spots soon appear. The primitive segmentation cavity remains 
as a wide space between the curved alimentary tract and the 
body walls, and becomes traversed by muscular fibres passing 
between the two. The original chorion appears to serve as 
cuticle, and is perforated by the cilia. 


The further changes in this larval form do not present features of 
general importance, A peculiar vesicle, whiclv in anomalous cases is 
double, is formed near the anus. If it were shewn to occur widely 
amongst Chtetopoda, it might be perhaps regarded as homologous with 
the anal vesicles of the Gephyrea. 


Two STAGES IN THE DEVELOPMENT OF SeRPUI.A. 
nt. mouth ; an. anus ; al. archenteron. 
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which the segmentation is quite regular\ In other forms it is 
more or less unequal. The formation of the germinal layers 
has been far more fully studied in the Oligochseta than in the 
Polychmta, and though unfortunately the development is much 
abbreviated in the former group, they nevertheless have to serve 
as our type ; and unless the contrary is indicated the statements 
in the remainder of the section apply to the OligochEeta. The 
segmentation is nearly regular in Lumbricus agricola (Kowa- 
levsky) and results in the formation of a flattened blastosphere, 
one of the sides of which is hypoblastic and the other epiblastic, 
the hypoblast cells being easily distinguished from the epiblast 
cells by their clearer aspect. An invagination takes place, 
in the course of which the hypoblast becomes enclosed by the 
epiblast, and a somewhat cylindrical two-layered gastriila is 
formed. The opening of this gastriila at first extends over 
the whole of what becomes the ventral surface of the future 
worm, but gradually narrows to a small pore — the permanent 
mouth— near the front end. The central cavity of the gas- 
trula is lined by hypoblast cells, but the oral opening, which 
leads by a narrow passage into the gastric cavity, is lined by 
epiblast cells. 

The segmentation of Lumbricus trapezoicles (Kleinenberg, No. 341), and 
of Criodrilus (Hatschek, No. 339), is more unequal and more irregular than 
that of Lumbricus agricola, and there is an invagination which is inter- 
mediate between the embolic and epibolic types. 

The segmentation of Lumbricus trapezoides is especially remarkable. It 
is strangely irregular and at one pei'iod the segmentation cavity communi- 
cates by a pore with the exterior. Before the completion of the gastrula 
stage the ovum becomes partially divided into two halves, each of which 
gives rise to a complete embryo. The two embryos are at first united 
by an epiblast cord which connects their necks (fig. 141 A), but this cord is 
very early ruptured, and the two embryos then become quite independent. 
Some of the peculiarities of the segmentation may no doubt be e.xplained 
by this remarkable embryonic fission. 

The gastriila opening in both Lumbricus trapezoides and Criodrilus is 
placed on the ventral surface, and eventually narrows to form the mouth 
or possibly (Criodrilus) closes at the position of the mouth. In Lumbricus 
trapezoides the oral opening is at first lined by hypoblast, and in Criodrilus 
is bounded anteriorly by three large peculiar epiblast cells, which are 

^ According to Willeinoes-Siihm, Terebellides stroemii is also characterised by a 
regular segmentation, 

h. n. SI 
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believed by Hatsdiek to assist in absorbing the albuminous fluid in which 
the eggs are suspended. These large cells are eventually covered by the 
normal epiblast cells and subsequently disappear. In both these types 
the hypoblast cells undergo, during their invagination, peculiar changes 
connected with their nutritive function. 

In Euaxes (Kowalevsky) the segmentation is far more unequal than in 
the other types ; a typical epibolic invagination takes place (fig. 140), iind 
the blastopore closes completely along the ventral surface. 



Fig. 140. Transverse sKcrnoN 
THROUGH THB OVU.M OF EUAXES 
DURING AN EARLY STAGE OF HEVKLOE- 
MENT. (After Kowalevsky.) 

ep. epiblast; ms. mesoblastic Imnd; 
/y'. hypoblast. 


In all the oligochsetous types, with the exception of Euaxes, 
where the blastopore closes completely, the blastopore becomes, 
or coincides with the mouth. In 
Serpula it is stated (Stossich), 
as we have seen, to coincide 
with the anus ; a statement 
which receives confirmation 
from the similar statements of 
Willemoes-Siihm (No. 358). It 
is necessary either to suppose 
a mistake on the part of Stos- 
sich, or that we have in Chaeto- 
pods a case like that of Gas- 
teropods in which a slit-like 
blastopore originally extending 
along the ventral surface may in some forms become reduced 
to a pore at the oral, or in other forms at the anal extremity. 

So far only two germinal layers — the epiblast and the hypo- 
blast — have been spoken of. Before the invagination of the 
hypoblast is completed the mesoblast makes its appearance in 
the form of two bands or streaks, extending longitudinally for 
the whole length of the embryo. These are usually spoken 
of as germinal streaks, but to avoid the ambiguity of this term 
they will be spoken of as mesoblastic bands. 

Their origin and growth has been most fully studied b}- 
Kleinenberg (No. 341) in Lum. trapezoides. They commence 
in this species shortly before the gastrula stage as two large 
cells on the surface of the blastoderm, which may be called 
mesoblast s. These cells lie one on each side of the median 
line at the hind end of the embryo. They soon travel inwards 
and become covered by the epiblast (fig. 14 1 A, ?//), while on 
their inner and anterior side a row of small cells appears {ms). 
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These rows of cells form the commencement of the mesoblastic 
bands, and in the succeeding stages they extend one on each 
side of the body (fig. 141 B, ms) till they reach the sides of the 
mouth. Their forward growth takes place mainly at the 
expense of the superjacent epiblast cells, but the two mesoblasts 



Fig. 141. Thuke sections illustrating the develoument of Lumbiucus 
TRAPEZOIDES. (After Kleinenlierg.) 

■ms. mesoblastic band ; m'. raesoblast ; al. archenteron ; pp, body cavity. 

A. Horizontal and longitudinal section of an embryo which is dividing into two 
embryos at the gastrula stage. It ,shew.s the mesoblasts and the mesoblastic bands 
proceeding from them. 

B. Transverse section shewing the two widely-separated mesoblastic bands. 

C. Transverse section at a later stage shewing the mesoblastic bands which have 
approached the ventral line and developed a body cavity//. 

at their hinder extremitie.s probably assi.st in their growth. 
Each mesoblastic band is at first composed of only a single row 
of cells, but soon becomes thicker, first of all in front, and 
becomes composed of two, three or more rows of cells abreast. 
From the above it is clear that the mesoblastic bands have, in 
L. trapczoides at any rate, in a large measure an epiblastic 
origin. 

At first the two bands end in frofit Sit the sides of the mouth, 
but subsequently their front ends grow dorsal wards at the 

21 — 2 
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expense of the adjoining epiblast cells, and meet above the 
mouth, forming in this way a mesoblastic dorsal commissure. 

The mesoblastic bands soon travel from the lateral position, 
which the)^ at first occupy, towards the ventral surface, they 
do not however meet ventrally for some time, but form two 
bands, one on each side of the median ventral line (fig. 

141 C). 

The usual accounts of the origin and growth of the bands differ some- 
what from the above. By Kowalevsky (No, 343) and Hatschek (No, 339) 
they are believed to increase in Lumbricus rubellus and Criodrilus entirely 
at the expense of the mesoblasts. Kowalevsky moreover holds that in L. 
rubellus the original mesoblasts spring from the hypoblast. In some forms, 

Lumbricus agricola, the mesoblasts are not present. 

In Euaxes the origin of the mesoblast bands is somewhat interesting 
as illustrating the relation of the Chmtopod mesoblastic bands to the 
mesoblast of other forms. To render intelligible the origin of tJic mesoblast 
in this form, it is necessary to say a few words about the segmentation. 

By a somewhat abnormal process of segmentation the ovum divides 
into four spheres, of which one is larger than the others, and occupies 
a position corresponding with the future hind end of the embryo. The 
three smaller spheres give rise on their dorsal side by a kind of budding 
to small cells, which become the epiblast ; and the epiblast is also partly ^ 

formed from the hinder large cell in that this cell produces by Inulding 
a small cell, which again divides into two. The anterior of the two 
cells so formed divides still further and becomes incorporated in the 
epiiblast ; the posterior only divides into two which form the two mesohlasts. 

The remainder of the mesoblast is formed by further division of the three 
smaller of the primitive large spheres, and at first forms a continuous 
layer between the dorsal cap of epiblast and the four largest cells which, 
after giving rise to the epiblast and mesoblast, constitute the hypoblast. 

As the epiblast spreads over the hypoblast the mesoblastic sheet gives way 
in the middle, and the mesoblast remains as a ridge of cells at the edge of 
the epiblastic cup. It forms in fact a thickening of the lips of the blasto- 
pore. Behind the thickening is completed by the two mesoblasts. The 
appearance of the mesoblast in section is shewn in fig. 140. As the 
epiblast accompanied by the mesoblast grows round the hypoblast, the 
blastopore assumes an oval form, and the mesoblast appears as two Ijunds 
forming the sides of the oval. The epiblast travels over the hypoblast 
more rapidly than the mesoblast, so that when the blastoi)ore becomes 
closed ventrally the mesoblastic bands are still some little way apart on 
the ventral side. 

In Euaxes the mesoblast originates in a manner which is very 
similar to that in some of the Gasteropoda, Nassa, vide p. 234, 
and Vermes, e.g. Bonellia^ etc.^ As mentioned in the chapter on the 
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Mollusca the origin of the mesoblast in Planorbis, p. 227, is very similar to 
that in Lumbricus. - 

Hatschek has shewn that in Polygordius the mesoblast arises in funda- 
mentally the same way as in the Oligochmta. 

Besides the mesoblast which arises from the mesoblastic bandSj there 
is evidence of the existence of further mesoblast in the larvae of many 
Polychseta in the form of muscular fibres which traverse the space between 
the body wall and the wall of the enteric cavity prior to the formation 
of the permanent body cavity. These fibres have already been described 
in the embryo of Serpula, and are probably represented by stellate cells 
in the cephalic region (pra;-oral lobe) of the Oligoclueta. These cells are 
probably of the same nature as the amoeboid cells in the larvae of Echino- 
dermata, some Mollusca and other types. 

The Larval form. 

True larval forms are not found in the Oligochmta where the 
development is abbreviated. They occur however in the ma- 
jority of the marine Polychseta. 

They present a great variety of characters with variously 
arranged ciliated bands. Most of these forms can be more or 
less satisfactorily derived from a larval form, like that of Serpula 
(fig. 139 B) or Polygordius (fig. 142) ; and the constant recur- 
rence of this form amongst the Ch^etopoda, combined with the 
fact that it presents many points of resemblance to the larval 
forms of many Rotifers, Molluscs, and Gephyreans, seems to 
point to its being a primitive ancestral form for all these 
groups. 

The important characters of this larval form are (i) the 
division of the body into a large prm-oral lobe and a relatively 
small post-oral region containing the greater part of the alimen- 
tary tract ; (2) the presence of a curved alimentary canal 
divided into stomodaeum (oesophagus), stomach and intestine, 
and opening by a ventrally placed mouth, and an anus near the 
hind end of the body. To these may be added the frequent 
presence of (i) a ganglion at the apex of the pras-oral lobe, 
(2) a large cavity between the wall of the gut and the skin, 
which is the remnant of the segmentation cavity, and is usually 
traversed by muscular strands, of which one connecting the apex 
of the prse-oral lobe and the stomach or oesophagus is very 
commonly present (fig. 142). 

The arrangement of the ciliated bands presents great varia- 
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tions, tliou^rh in some instances it is constant through large 
groiqDs. In Chastopods there is a widely distributed pne-oral 
ciliated band, which is similarly placed to the ring constantly 
found in the larvae of Molluscs, Rotifers, etc. In many of these 
forms the band is practically double, the opening of the inoulh 
being placed between its two component rings {mdr fig. 142), 
The best introduction to the study of the Chmtopod larval forms 
will be the history of the changes of a typical larval form in 
becoming converted into the adult. 

For this purpose no better form can be selected than the interesting 
larva of Polygordius {vide Agassiz, No. 332, 

Schneider, No. 352, and Hatschek, No, 339), 
which was first discovered by Lovon, and 
believed by him to be the larva of an ordinary 
Chistopod. Its true nature was determined 
by Schneider. 

At a very young stage the larva has the 
form (fig. 142) of a flattened sphere, with a 
small conical knob at the posterior e.x- 
tremity, 

At the equator arc situated two parallel 
ciliated bands h between which lies the ven- 
trally placed mouth (w). The more conspicu- 
ous ciliated band is formed of a double row 
of cilia, and is situated in front of the mouth. The thinner ciliated band 
behind the mouth appears to be absent in the American species. 

The mouth leads into an cosophagus, and this into a globular stomach 
(ti/), which is continuous with a rectum terminating 
by an anus {an) placed at the hind end of the 
posterior conical knob. The whole alimentary 
tract is ciliated. In the American form of larva 
there is a ring of cilia round the anus, which is 
developed at a somewhat later stage in the form 
observed by Hatschek. 

The position of the ciliated bands and the 
alimentary tract enables us to divide the embryo 
into three regions : a prm-oral region bounded by 
the anterior ciliated band, a gastric region in 
which the embryonic stomach is situated, and an 
abdominal region formed of the posterior conical 

>• These two rings are at first (Hatschek) not quite closed dorsally, calling to inind 
the early condition of the Echinoderm larvte with a praj-oral and post-oral ciliated 



Fig. 143. Toi.Yr.OR- 
Dius i.ARVA. (From Ale.'v. 
Agassiz.) 



LARVA. (After Ilat.schek.) 

///. mouth ; supra-tvso- 
phagcal ganglion ; «//l neph- 
ridion; me./, mesohlaslic hand ; 
an. anus ; ol. stomach. 
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Fig. 144. PoLYGOii- 
Diirs LARVA. (From 
Alex. Agassiz.) 


portion, which by its subsequent elongation gives rise to the whole 
segmented portion of the future Polygordius. 

At the front end of the prae-oral lobe is situated the early formed supra- 
oesophageal ganglion (sj^) (first noticed by Agassiz) in connection with 
which is a pair of eyes, and a ramified system of nerves. The ganglion is 
marked externally by a crown of cilia. 

The larval epidermis bears a delicate cuticula, and is separated by a 
considerable interval from the walls of the alimentary tract. The space 
between the two represents a provisional body cavity, which is eventually 
replaced by the permanent body cavity formed between the two layers 
of the mesoblast. It is doubtful when the replace- 
ment takes place in the head. It probably does so 
very early. The mesoblast is present in the usual 
form of two bands (germinal streaks), which 

are anteriorly continued into two muscular bands 
which pass through the embryonic body cavity to 
the front end of the pne-oral lobe. Another pair of 
contractile bands passes from the same region of the 
prte-oral lobe to the cesophagus. 

There is no trace of the ventral nerve cord. The 
most remarkalfie organ of the larva is a paired excre- 
tory organ discovered by Hatschek. This is a 
ciliated canal with at first one and subsequently 
several funnel-shaped openings into the body cavity in front and an 
external opening behind. It is situated immediately anterior to the lateral 
band of mesoblast, and is parallel with, and dorsal 
to, the contractile band which passes off from 
this. It occupies therefore a position in front 
of the segmented region of the adult Polygordius. 

The changes by which this peculiar larval form 
reaches the adult condition will be easily gathered 
from an inspection of figs. 143 — 148. They con- 
sist essentially in the elongation of what has been 
termed the abdominal x*egion of the body, and the 
appearance of a segmentation in the mesoblast ; 
the segments being formed from before backwards, 
and each fresh segment being interpolated between 
the anus-bearing end of the body and the last 
segment. 

As the hind portion of the body becomes 
elongated the stomach extends into it, and gives rise to the mesenteron 
of the adult (figs. 143, 144, and 145), For a long time the anterior spherical 
dilated portion of the larva remains very large, consisting of a prie-oral 
lobe and a post-oral section. The two together may be regarded as con- 
stituting the head. 

At a comparatively late stage a pair of tentacles arises from the front 



Fig. 145. Polygor- 
dius LARVA. (From 
Alex. Agassiz.) 
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end of the prEE-oral lobe (fig. 146), and finally the head becomes relatively 
reduced as compared with the body, and gives rise to the simple head, ol 



Fig. 146. POLYGORUIUS LARVA. (From Alex. 


Agassiz.) 

the fully formed worm (fig. 148). The two ciliated bands disappear, the 
posterior vanishing first. The ciliated band at the hind end of the body 
also atrophies ; and just in front of it the ring of wart-like prominences used 
by the adult to attach itself becomes developed. 

At the sides of the head there is formed a pair of ciliated pits, also 
found by Hatschek in the embryo of 
Criodrilus, and characteristic of many 
Chmtopod larvfe, but persistent in the 
adult Polygordius, Saccocirrus, Poly- 
ophthalmusj etc. They are perhaps the 
same structures as the ciliated pits in 
Nemertines. 

During the external changes above 
described, by which the adult form of 
Polygordius is reached, a series of in- 
ternal changes also takes place which are 
for the most part the same as in other 
Clnetopoda ; and do not require a detailed 
description. The nervous^ and muscular 
systems have precisely the normal de- 
velopment. The division of the meso- 
blast into somites is not externally in- 
dicated. The organs most worthy of 
notice are the excretory organs. 

The essential points in the above development of .Polygor- 
dius arc (i) the gradual elongation and corresponding segmenta- 
tion of the post-ccphalic part of the body ; and (2) the relative 
reduction in size of the pras-oral lobe and its conversion to- 
gether with the oral region into the head ; (3) the atrophy of 
the ciliated bands. The conversion of the larva into the adult 
takes place in fact by the intercalation of a segmented region 

^ T-fis structure of the ventral cord ill the adult requires further elucidation. 
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between a large mouth-bearing portion of the primitive body 
and a small anus-bearing portionb 

The general mode of development of Chaetopod larvae is 
similar to the above except in details, which are however no 
doubt often of great importance. The history of the larvm may 



Fig. 148. PoLYGOiiDius larva. (From Alex. Agassiz.) 

be conveniently treated under three heads, (i) The form of 
the primitive unsegmented larva; (2) the arrangement of the 
cilia on the unsegmented larva, and on the larva at later stages ; 
(3) the character of the metamorphosis and the development of 
the permanent external organs. 

A larva similar to the Polygordius larva with a greatly 
developed prm-oral lobe is widely distributed amongst the 
Annelids. 


An almo.st identical form is that of Nepthys 
scolopendroicles (Claparode and ‘Metschnikoff, No. 

similar, and that of Saccocirrus (Metsch. and Chip. 

No, 336, PI. xm. fig. i), a very primitive form most 

nearly related to Polygordius, clearly belongs to the V 

.same type. Many other larval forms, such as that 

of .Spio fuliginosus (Metsch. and Clap. No. 336), Terc- 

bella, Ncrine, etc,, also closely approach this form. 

, Fig. 149. Larva OF 

Other really similar forms at first sight Phyllodoce. (From 

appear very different, but this is mainly 
owing to the fact that their, prm-oral lobe never attains a 
considerable development. Its smallness, though obviously of 
no deep morphological significance, at once produces a very 
different appearance in a larva. 


as to the intercalation of segments in the cephalic region, 
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A good example of a larval form with a small prae-orai lobe is afforded by 
Capitella, which is figured by Clap, and Metsch. (No. 336, PI. xvti. fig. 2 ). 
The imperfect development of the prie-oral lobe is also generally character- 
istic of the Oligochaeta. The persistence of a relatively large prm-oral lobe 
for so long a time as in Polygordius is very unusual. 

The arrangement of the cilia in Chaetopod larvin has i;ecn 
employed as a means of classifying them. Although a clas.sifi- 
cation so framed has no morphological value, yet the terms 
themselves which have been invented are convenient. The 
terms most usually employed are Atrochm, Monotrochae, 
Telotrochse, Polytrochm, Mesotrochae. The polytroclne 
may again be subdivided into Polytrochae proper, Nototrochae, 
Gasterotrochse, and Amphitrochae, 

The atrochae contain forms (fig, 139) in which the' larva is at 
first coated by an uniform covering of cilia, which, though it 
may subsequently disappear from certain areas, does not break 
up into a series of definite bands. 

The monotrochae or cephalotrochae are larvm in which only a 
single prse-oral ring is developed (fig. 150 B). 

In the telotrochm there is 
present a prae-oral and a post- 
oral, i.e. peri-anal ring (fig. 150 
A) ; the latter sometimes hav- 
ing the form of a peri-anal 
patch. 

The polytrochm are seg- 
mented larvae with perfect or 
imperfect rings of cilia on the 
segments of the body — usually 
one ring to each segment — 
between the two characteristic 

telotrochal rings. When these q- pra-orai cuiatca uanci; pcn-anai 

° ciliated band, 

rings are complete the larvae 

arc polytrochae proper, when they are only half rings they are 
either nototrochae or gasterotrochse. Sometimes there are both 
dorsal and ventral half rings which do not however correspond, 
such forms constitute the amphitrochae. 

In the inesotrochae one or two rings are present in the middle 
of the body, and the characteristic telotrochal rings arc absent. 



Fig. 150. Two CiiyEToroD larv/Ii. 
(From Gegenbaur.) 

0. mouth ; i. intestine ; a, anus ; 







CII-rETOPODA. 


331 


Larva; do not necessarily continue to belong to the same group 
at all ages. A larva may commence as a monotrochal form and 
then become telotrochal and from this pass into a polytrochal 
condition, etc. 

The atrochal forms are to be regarded as larvae which never 
pass beyond the primitive stage of uniform ciliation, which in 
other instances may precede that of definite rings. They usually 
lose their cilia early, as in the cases of Serpula and other larvae 
described below. 

The atrochal larva; are not common. The following history of an 
Eunicidan larva (probably Liimbriconereis) from Claparede and Metschni- 
koff (No. 336) will illustrate their general history. 

In the earliest stage noticed the larva has a spherical form, the pras-oral 
lobe not being very well marked. In the interior is a globular digestive 
tract. The cilia form a broad central band leaving free a narrow space at 
the apex of the pne-oral lobe, and also a circumanal space. At the apex of 
the pne-oral lobe is placed a bunch of long cilia, and a patch of cilia also 
marks out the anal area. 

As the larva grows older it becomes elongated, and the anterior bunch of 
cilia is absorbed. The alimentary canal divides itself into pharynx and 
intestine. The former opens (?) by the mouth in the middle of the central 
band of cilia, the latter in the anal patch. The seta; indicating the segmen- 
tation arc formed successively in the posterior ring-like area free from cilia. 
The cilia di.sappear after the formation of two segments. 

In Luinbricus, the embryo of which ought perhaps to be grouped with 
tlie atrochu;, the cilia (Kleinenberg) cover a ventral tract of epiblast between 
the two mesoblastic cords, and are continued anteriorly to form a circle 
round the nioiUh. 

The monotrochal larvm are provided only with the important 
pne-oral ciliated ring before mentioned. In the majority of 
ca.se.s they are transitional forms destined very shortly to become 
telotrochal, and in such instances the};' usually have a more or 
less spherical body which is nearly divided into two equal halves 
b}? a ciliated ring. In some few instances, such as Polynoe, 
Da.sychone, etc., the monotrochal characters are not lost till the 
larval cilia are exuviated. 

The telotrochal forms (of which examples are shewn in figs. 
14.4, 150, etc.) may (i) start as monotrochal; or (2) from the 
first have a telotrochal character ; or (3) be derived from atrochal 
forms. 'Phe last mode of origin probably represents the ances- 
tral one. 
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Their mode of development is well illustrated by the case of Terebclla, 
nebulosa {vide Milne-Edwards, No. 34'7). The embryo is at: first a nearly 
spherical ciliated mass. One end slightly elongates and becomes free Irom 
cilia, and, acquiring doi-sally two eye-spots, constitutes a pi\o-oral lobe. 
The elongation continues at the opposite end, and near this is formed a 
narrow area free from cilia. The larva now has the same characters as the 
atrochal Eunicidan larva described above. It consi.sts of a non-ciliated 
prae-oral lobe, followed by a wide ciliated band, behind which i.s a ring-like 
area free from cilia ; and behind this again a peri-anal patch of cilia. The 
ring-like area free from cilia is, as in the Eunicidan larva, the region which 
becomes segmented. It soon becomes longer, and is then divided into two 
segments ; a third and fourth etc. non-ciliated segment becomes succes- 
sively interposed immediately in front of the peri-anal patch; and, after 
a certain number of segments have become formed, there appear on some of 
the hinder of them short tubercles, provided with single set® (the notopodia), 
which are formed from before backwards, like the segments. 

The mouth, anus, and intestine become in the meantime clearly visible. 
The mouth is on the posterior side of the ciliated band, and the anus in the 
centre of the peri-anal patch. 

The ciliated band in front now becomes contracted and provided with 
long cilia. It passes below completely in fi-ont of the mouth, and constitutes, 
in fact, a well-marked prm-oral ring, while the cilia behind con.stitute an 
equally marked peri-anal ring. The larva has in fact now acquired all the 
characters of a true telotrochal form. 

Only a comparatively .small number of Chtetopod larvfE 
remain permanently telotrochal. Of these Terebella nebulosa, 
already cited (though not Terebella conchilega), is one ; Poly- 
gordius, Saccocirrus and Capitella are other examples of the 
same, though in the latter form the whole ventral surface 
becomes ciliated. 

The majority of the originally telotrochal forms become 
polytrochal. 

In most cases the ciliated rings or half rings of the polytro- 
chal forms are placed at equal distancejs, one for each segment. 
They are especially prominent in surface-swimming larv£e, £ind 
are in rare cases preserved in the adult. In some instances 
{e.g. Nerine and Spio) the ventral half rings, instead of beiiig 
segmentally arranged, are somewhat irregularly distributed 
amongst the segments, so that there does not seem to be a 
necessary correspondence between the ciliated rings and the 
segments. This is further shewn by the fact that the ciliated 
rings arc not precursors of the true segmentation, but are 
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developed after the establishment of the segments, and thus 
seem rather to be secondarily adapted to the segments than 
primarily indicative of them. 

In most Polytrochae the rings are incomplete, so that they 
fall under the category of Nototrochae or Gasterotrochai. 

The larva of Odontosyllis is an example of the former, and that of 
Magelona of the latter. The larvae of Nerine and Spio, already quoted as 
examples of an unsegmented arrangement of the ventral ciliated half rings, 
are both amphitrochal forms. 

As an example of a polytrochal form with complete ciliated rings Oph- 
ryotrocha puerilis may be cited. This form, discovered by Claparede and 
Metschnikoff, develops a complete ciliated ring on each segment : and the 
pras-oral ring, though at first single, becomes at a later period divided into 
two. This form is further exceptional in that the ciliated rings are persistent 
in the adult. 

The unimportance of the chai-acter of the inngs in the polytrochal forms 
is shewn by such fircts as the absence of these rings in Terebella nebulosa 
and the presence of doi'sal half rings in Terebella conchilega. 

The mesotrochal forms are the rarest of Chsetopod larvae, 
and would seem to be confined to the Chaetopteridae, 

Their most striking character is the presence of one or two complete 
ciliated rings which girth the body between the mouth and anus. The 
whole body is further covered with short cilia. The anus has a distinct 
dorsal situation, while on its ventral side there projects backwards a peculiar 
papilla. 

The total absence of the typical pra^-oral and of the peri -anal 
bands separates the mesotrochal larva.' very sharply from all the 
previous types. 

A characteristic of many Chjutopod larvje is the presence of 
a bunch of cilia or a single flagellum at the apex of the prae-oral 
lobe. The presence of such a structure is characteristic of the 
larval forms of many other groups, Turbellarians, Nemertines, 
Mollu.scs, etc. 

In the preceding section the mode of multiplication of the 
segments has already been sufficiently described ^ 

’ ri has been insisted by Semper (No. 355 } that certain of the anterior segments, 
l)elonging to what he regards as the head region in oppo,sition to the trunk, become 
interpolated between the trunk and the head. The general evidence, founded on oh- 
servatioirs of budding, wdiich he brings forward, cannot be discussed here. But tlnl 
special instance which he cites (founded on Milne-Edwards’s (No. 347) observations) 
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Apart from the formation of the segments the larval meta- 
morphosis consists in the atrophy of the 
provisional ciliated rings and other provi- 
sional organs, and in the acquirement of 
the organs of the adult. 

The great variations in the nature of the 
Chaitopod appendages render it impo.ssilolc 
to treat this part of the developmental 
history of the Chaetopoda in a systematic 
way. 

The mode of development of the append- 
ages is not constant, so that it is difficult to 
draw conclusions as to the primitive form 
from which the existing types of appendages 
are derived. 

In a large number of cases the primitive rudiment.s of the 
feet exhibit no indication of a division into notopodium and 
neuropodium ; while in other instances (<3’.^. Terebella and Nerine, 
fig. 152) the notopodium is first 
developed, and subsequently the 
neuropodium quite independently. 

In many cases the setm appear 
before there are any other visible 
rudiments of the feet {e.g, Lumbri- 
conereis) ; while in other cases the 
reverse holds good. The gills are 
usually the last parts to appear. 

Not only does the mode of 
development of the feet differ 
greatly in different types, but also the period. The appearance 
of setae may afford the first external indication of segmentation, 
or the rudiments of the feet may not appear till a large number 
of segments are definitely established. 

A very considerable number of Ghaetopod larvae are provided 
with very long provisional setae (figs. 152 and 153). These setre 

of tlie interpolation of the head segments, bearing the gills, in Terebella appears to 
me cpiite unjustified from Milne-Edwards’s own statements ; and is clearly shewn to 
be unfounded by the eareful observations of Clapar^;de on Ter. conchilega, where the 

segments in question are demonstrated to be present; from the first. 



Fro. 1(52. , LARV.A. OF Nkuink, 
WITH PROVI.SIONAI, SHT.-lt. (hh'om 
Alex. Agassiz.) 



Fig. 1 51. Larva OF 
PlIYLLODOCF, FROM TIIH 
VENTRAT. SIDE. (From 
Alex. Agassiz.) 
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are usually placed at the sides of the anterior part of the bod3^ 
immediately behind the head, and also sometimes on the 
posterior parts of the body. In some instances fig-. 153) 



Fig. 153. Embryo CHacroroD with provisional setai:. (From Agassiz.) 


they form the only appendages of the trunk. Alex. Agassiz has 
pointed out that set?e of this kind, though not found in existing 
Chaetopods, are characteristic of the fossil forms. Setse of this 
kind are found in chaetopod-like larvae of some Brachiopods 
(Argiope, fig. 136). 

It is tempting to suppose that the long provisional bristles 
springing from the oral region are the setiform appendages 
handed down from the unsegmented ancestors of the existing 
Chaetopod forms. Claparede has divided Chaetopod larvae into 
two great groups of Metachaetae and Pereiinichaetae, according as 
they possess or are without provisional setae. 

With reference to the head and its appendages it has already 
been stated that the head is primarily formed of the prae-oral 
lobe and of the peristomial region. 

The embryological facts are opposed to the view that the 
prae-oral region either represents a .segment or is composed of 
segments equivalent to those of the trunk. The embryonic 
peristomial region may, on the other hand, be regarded as in a 
certain sense the first segment. Its exact relations to the 
succeeding segments become frequently more or less modified in 
the adult. The prm-oral region is in most larvse bounded 
behind by the ciliated ring already described. On the dorsal 
part of the prae-oral lobe in front of this ring are placed the 
eyes, and from it there may spring a variable number of 
processes which form antennae or cephalic tentacles. The 
number and position of these latter are very variable. They 
appear as simple processes, sometimes arising in pairs, and at 


336 


LARVAL FORMS. 


other times alternating on the two sides. There is frequently a 
median unpaired tentacle. 

The development of the median tentacle in Terebella, where there is in 
the adult a great number of similar teirtacles, is sufficiently reniarkable to 
deserve special notice ; 'Vide Milne-Edwards, Clapar6dc, etc. It arises long 
before any of the other tentacles as a single anterior prolongation of the 
prae-oral lobe containing a parenchymatous cavity, which communicates 
freely with the general perivisceral cavity. It soon becomes partially con- 
stricted off at its base from the procephalic lobe, but continues to grow 
till it becomes fully half as long as the remainder of the body. A very 
characteristic figure of the larva at this stage is given by ClaparMe and 
Metschnikoff, PL xvii., Fig. i E. It now strikingly resembles the larval 
proboscis of Balanoglossus, and it is not easy to avoid the conclusion that 
they are homologous structures. 

Another peculiar cephalic structure which deserves notice is the gill 
apparatus of the Serpulidse. 

In Dasychone (Sabella) the gill apparatus arises (Clapartkle and 
Metschnikoff, No. 336) as a pair of membranous wmg-like organs on the 
dorsal side of the prae-oral lobe immediately in front of the ciliated ring. 
Each subsequently becomes divided into 
two rays, and new rays then begin to sprout 
on the ventral side of the two pairs already 
present. A cartilaginous axis soon becomes 
formed in these rays, and after this is 
formed fresh rays sprout irregularly from 
the cartilaginous skeleton. 

In Spiro rbis spirillum as observed by 
Alex. Agassiz, the right gill-tentacle (fig. 

154, t) first appears, and then the left, and 
subsequently the odd opercular tentacle 
which covers the right original tentacle. 

The third and fourth tentacles are formed 
successively on the two sides, and rapidly 
become branched in the succeeding stages. 

With reference to the sense 
organs it may be noted that the eyes, or at any rate the cephalic 
pigment spots, are generally more numerous in the embryo than 
in the adult, and that they are usually pre.sent in the larvm of 
the Sedentaria, though absent in the adults of these forms. The 
Sedentaria thus pass through a larval stage in which they 
resemble the Errantia. 

Paired auditory vesicles of a provisional character have been 
found on the ventral side of the body, in the fourth segment 



Fig. 154. Larva of .Sfirok- 
Bis. (From Alex. Agassiz.) 

The first odd tentacle (/') is shewn 
on the right side. 

Behind the pviu-oval ciliated ring 
is the large collar. 
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behind the mouth, in the larva of Terebella conchilega 
(Claparede). 

Mitraria. A peculiax larval Chfetopod form known as Mitraria, the 
metamorphosis of which was first worked out by Metschnikoff, deserves a 
special notice* 

This form (fig. 155 A) in spite of its remarkable appeai-ance can easily be 
reduced to the normal type of larva. 

The mouth (?«) and anus (a/i) (fig. 155 A) are closely approximated, and 
situated within a vestibule the edge of which is lined by a simple or lobed 
ciliated ring. The shape of the body is somewhat conical. The cavity of 



Fig. 155. Two stages in the development of Mitraria. 

(After Metschnikoff.) 

?«, mouth; an. anus; supra-oesophageal ganglion; 6 r. pi-ovisional bristles; 
pr.l/. prse-oral ciliated band. 

the vestibule forms the base of the cone, and at the apex is placed a ciliated 
patch (xf). A pair of lobes bear provisional setae. The alimentaz'y 
canal is formed of the three normal parts, oesophagus, stomach, and 
intestine. 

To compare this larva with an ordinary Chaetopod larva one must 
suppose that the alimentary canal is abnormally bent, so that the post-oral 
ventral surface is reduced to the small space between the mouth and the 
anus. The ciliated band surrounding the vestibule is merely the usual 
prae-oral band, borne on the very much extended edge of the prae-oral lobe. 
The apex of the larva is the front end of the prae-oral lobe with the 
usual ciliated patch. The two lobes with provisional bristles are really 
dorsal and not posterior. 

B.'n. 
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The correctness of the above interpretation is clearly shewn by the 
metamorphosis. 

The first change consists in the pushing in of a fold of skin, between the 
month and anus, towards the intestine, which at the same time rapidly 
elongates, and forms the axis of a conical projection, which thereupon 
becomes segmented and is thereby shewn to be the rudiment of the trunk 
(fig. 15s B). On the elongation of the tnmk in this way the prm-oral lobe 
and its ciliated ring assume an appearance not very dissimilar to the same 
structures in Polygordius. At the ciliated apex of the prte-oral lobe a paired 
thickening of epiblast gives rise to the supra-oesophageal ganglia In 
the further metamoi'phosis, the prae-oral lobe and its. ciliated ring gradually 
become reduced, and finally atrophy in the normal way, while the trunk 
elongates and acquires setm. The dorsally situated processes with provisional 
setae last for some time, but finally disappear. The young worm then 
develops a tube and shews itself as a normal tubicoloiis Chsetopod. 

Formation of Orga7is. 

Except in the case of a few organs our knowledge of the 
formation of the organs in the Chsetopoda is derived from 
investigations on the Oligochmta. 

The embryo of the Oligochaeta has a more or less spherical 
form, but it soon elongates, and becoming segmented acquires a 
distinct vermiform character. The ventral surface is however 
for a considerable time markedly convex as compai'ed to the 
dorsal. 

The ventrally placed mouth is surrounded by a well-marked 
lip, and in front of it is placed a small prae-oral lobe. 

The epiblast. The epiblast cells at the commencement of 
the gastrula stage become much flattened, and on the comple- 
tion of the invagination form aii invest- 
ment of flattened cells, only thickened in 
the neighbourhood of the mesoblastic 
bands (fig. 141 B and C). In the Poly- 
chmta at any rate the statements of 
several investigators would seem to in- 
dicate that the cuticle is derived from the 
chorion. It is difficult to accept this 
conclusion, but it deserves further in- 
vestigation. 

Nervons system. The most im- 
portant organ derived ffom the epiblast 



Fig. 156. Sectjojv 

THROUGH THE HEAD OE A 
YOUNG EMISRYO OE EUM- 
BRICUS TRAl-EZOIOEH. { AfLcr 
Kleinenberg. ) 

c,g. cephalic gauglion; 
cc. cephalic i)ortion uf iho 
body cavity ; „t. tcstijihagus. 
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is the nervous system; the origin of which from this layer was 
first established by Kowalevsky (No. 842). 

It arises^ (Kieinenberg, No. 341) from two at first quite 
distinct structures, viz. (i) the supra-cesophageal rudiment 
and ( 2 ) the rudiment of the ventral cord. The former of 
these takes its origin as an unpaired dorsal thickening of 
the epiblast at the front end of the head (fig. 156 , c.g), which 
sends two prolongations downwards and backwards to meet the 
ventral cord. The latter arises as two independent thickenings 
of the epiblast, one on each side 
of the ventral furrow (fig. 1 57 , Vg). 

These soon unite underneath the 
furrow, in the median line, and 
after being differentiated into seg- 
mentally arranged ganglionic and 
interganglionic regions become 
separated from the epiblast. Both 
the supra-oesophageal and ven- 
tral cord become surrounded by a 
layer of somatic mesoblast. The 
junction between the two parts of 
the central nervous system takes 
place comparatively late. 

The mesoblast. It is to Kowalevsky (No. 342) and Klein- 
enberg (No. 341) that we mainly owe our knowledge of the history 
of the mesoblast, The fundamental processes which take place are 
(i) the splitting of the mesoblast into splanchnic and somatic 
layers with the body cavity between them, ( 2 ) the transverse 
division of the mesoblast of the trunk into distinct somites. 

The former process commences in the cephalic mesoblastic 
commissure, where it results in the formation of a pair of cavities 
each with a thin somatic and thick splanchnic layer (fig. 156 , 
cc ) ; and thence extends gradually backwards into the trunk 
(fig. 141 C, fif). In the trunk however the division into somites 
precedes the horizontal splitting of the mesoblast. The former 
process commences when the mesoblastic bands form widish 
columns quite separate from each other. These columns become 

1 For further details, vide general chapter on Nervous System. 





TRUNK OF AN EMBRYO OF LUMBRI- 
cus TRAPEZOIDES. (After Kleinen- 
berg.) 

vi. longitudinal muscles; so. so- 
matic mesoblast ; sp. splanchnic nie- 
soblast ; hy. hypoblast ; Vg. ventral 
nerve cor'd ; vv. ventral vessel. 
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broken up successively from before backwards into somewhat 
cubical bodies, in the centre of which a cavity soon appears. 
The cavity in each somite is obviously bounded by four walls, 
(i) an outer, the somatic, which is the thickest; (2) an inner, the 
splanchnic ; and (3, 4) an anterior and posterior. The adjoining 
anterior and posterior walls of successive somites unite together 
to form the transverse dissepiments of the adult, which subse- 
quently become very thin and are perforated in numerous places, 
thus placing in communication the separate compartments 
of the body cavity. The somites, though at first confined to a 
small area on the ventral side, gradually extend so as to meet 
their fellows above and below and form complete rings (fig. 15 7) 
of which the splanchnic layer {sj)) attaches itself to the enteric 
wall and the somatic {so) to the epiblast. In Polygordius and 
probably also Saccocirrus and other forms the cavities of the 
somites of the two sides do not coalesce ; and the walls which 
separate them constitute dor.sal and ventral mesenteries. The 
two cavities in the cephalic commissure unite dorsally, but 
ventrally open into the first somite of the trunk. 

The mesoblastic masses of the head are probably not to be regarded as 
forming a pair of somites equivalent to those in the trunk, but as forming 
the mesoblastic part of the prm-oral lobe, of which so much has been said in 
the preceding pages. Kleinenberg’s observations are however of great im- 
portance as shewing that the cephalic cavities are simply an anterior part of 
the true body cavity. 

The splanchnic layer of the head cavity gives rise to the 
musculature of the oesophagus. 

The somatic layer of the trunk somites becomes converted 
into the musculature of the body wall and the external peri- 
toneal layer of body cavity. The first part of the muscular 
system to be definitely formed is the ventral band of longitudi- 
nal muscles which arises on each side of the nervous system in 
contact with the epidermis (fig. 157, tn). Plow the circular 
muscles become subsequently formed outside these muscles has 
not been made out. 

The splanchnic layer of the trunk somites gives rise to the 
muscular and connective-tissue wall of the mcscntcron, and also 
to the walls of the vascular trunks. The ventral vc.ssel is first 
formed (Kowalevsky) as a solid mass of cells which subsequently 
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becomes hollowed out. The dorsal vessel in Lumbricus and 
Criodrilus is stated by Kowalevsky and Vejdovsky to be formed 
by the coalescence of two lateral vessels ; a peculiarity which is 
probably to be explained by the late extension of the mesoblast 
into the dorsal region. 

The layer from which the sacks for the setae and the 
segmental organs spring is still doubtful. The sacks for the sets 
are believed by Kowalevsky (No. 342) to be epiblastic invagina- 
tions, but are stated by Hatschek (No. 339) to be mesoblastic 
products. For the development of the segmental organs the 
reader is referred to the chapter on the excretory system. 

In marine Polychsta the generative organs are no doubt 
mesoblastic products, as they usually spring from the peritoneal 
epithelium, especially the parts of it covering the vascular 
trunks. 

The Alimentary Canal, In Lumbricus the enteric cavity 
is formed during the gastrula stage. In Criodrilus the hypoblast 
has at finst no lumen, but this becomes very soon established. 
In Eiiaxes on the other hand, where there is a true epibolic 
gastrula, the mesenteron is at first represented by a solid mass 
of yolk {i.e. hypoblast) cells. As the central amongst these 
become absorbed a cavity is formed. The protoplasm of the 
yolk cells which line this cavity unites into a continuous polynu- 
clear layer containing at intervals masses of yolk. These masses 
become gradually absorbed, and the protoplasmic wall of the 
mesenteron then breaks up into a cylindrical glandular epithelium 
similar to that of the other types. 

In Lumbricus and Criodrilus the blastopore remains as the 
mouth, but in Euaxes a new mouth or rather stomodseum is 
formed by an epiblastic invagination between the front end of 
the two mesoblastic bands. This epiblastic invagination forms 
the permanent oesophagus ; and in Lumbricus trapezoides and 
Criodrilus, wdiere the oral opening is at first lined by hypoblast, 
the epiblast soon becomes inflected so as to line the oesophageal 
region. The splanchnic mesoblast of the cephalic region subse- 
quently invests the oesophagus, and some of its cells penetrating 
between the adjoining epiblast cells give rise to a thick wall for 
this part of the alimentary tract ; the original epiblast cells being 
reduced to a thin membrane. This mesoblastic wall is sharply 


342 


ALTERNATIONS OF GENERATIONS. 

separated from the muscular wall outside, which is also formed 
of splanchnic mcsoblast. 

The anus is a late formation. 

Alternations of generations. 

Amongst Chmtopoda a considerable number of forms exhibit 
the phenomenon of alternations of generations, which in the 
same general way as in the case of the Ccelenterata, is second- 
arily caused by budding or fission. 

The process of fission essentially consists in the division of a 
parent form into two zooids by the formation of a zone of fission 
between two old rings, which becomes differentiated (i) into an 
anal zone in front which forms the anal region of the anterior 
zooid, and (2) into a cephalic zone behind which forms the head 
and some of the succeeding segments of the posterior zooid. 
The anal zone is capable, by growth and successive segmenta- 
tion, of giving rise to an indefinite number of fresh segments. 

In Protula Dysteri, as shewn by Huxley, there is a simple 
fission into two in the way described. Sexual reproduction does 
not take place at the same time as reproduction by fission, 
but both zooids produced are quite similar and multiply 
sexually. 

In the freshwater forms Nais and Chmtogaster a more or 
less similar phenomenon takes place. By a continual process of 
growth in the anal zones, and the formation of fresh zones of 
fission whenever four or five segments are added in front of an 
anal zone, complicated chains of adhering zooids are produced, 
each with a small number of segments. As long as the process 
of fission continues sexual products are not developed, but even- 
tually the chains break up, the individuals derived from them 
cease to go on budding, and, after developing a considerably 
greater number of segments than in the asexual state, reproduce 
themselves sexually. The forms developed from the ovum then 
repeat again the phenomenon of budding, etc., and so the cycle 
is continued \ 

The phenomena so far can hardly be described as cases of 

1 Reproduction by budding and fonnation of the sexual products to some extent 
oveidap. 
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alternation of generations. The process is however in certain 
t57pes further differentiated. In Syllis (Quatrefages) fission 
takes place, the parent form dividing into two, of which only the 
posterior after its detachment develops sexual organs. The 
anterior asexual zooid continues to produce fresh sexual zooids 
by fission. In Myrianida also, where a chain of zooids is formed, 
the sexual elements seem to be confined to the individuals 
produced by budding. 

The cases of Syllis and Myrianida seem to be genuine 
examples of alternations of generations, but a still better 
instance is afforded by Autolytus (Krohn, No. 848, and Agassiz, 
No. 833). 

In Autolytus cornutus the parent stock, produced directly 
from the egg, acquires about 40 — ^45 segments, and then gives 
rise by fission, with the production of a zone of fission between 
about the 13th and 14th rings, to a fresh zooid behind. This 
after becoming fully developed into either a male or a female is 
detached from the parent stock, from which it very markedly 
differs. The males and females are moreover very different from 
each other. In the female zooid the eggs are carried into a 
kind of pouch where they undergo their development and give 
rise to asexual parent stocks. After the young are hatched the 
female dies. The asexual stock, after budding off one asexual 
zooid, elongates again and buds off a second zooid. It never 
develops generative organs. 

The life history of some species of the genus Nereis presents certain very 
striking peculiarities which have not yet been completely elucidated. 

As was first shewn by Malmgren asexual examples of various sjaecies of 
Nereis may acquire the characters of Heteronereis and become sexually 
mature. 

The metamorphosis of Nereis Dumerilii has been investigated by 
Clapar(^de, who has arrived at certain very remarkable conclusions. He 
finds that there are two distinct sexual generations of the Nereis form of 
this species, and two distinct sexual generations of the Heteronereis form. 

One sexual Nereis, characterized by its small size, is dioecious, the other 
discovered by Metschnikoff is hermaphrodite. 

Of the Heteronereis sexual forms, both are dicecious, one is small, and 
swims on the surface, the other is larger and lives at the bottom. 

How these various generations are mutually related has not been made 
out ; but Claparede traced the passage of large asexual examples of the 
Nereis form into the large Heteronereis form. 
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CHAPTER XtlL 


DISCOPHORA'. 

The eggs of the Discophora, each enclosed in a delicate 
membrane, are enveloped in a kind of mucous case formed by a 
secretion of the integument, which hardens into a capsule or 
cocoon. In each cocoon there are a limited number of eggs 
surrounded by albumen. The cocoons are attached to water- 
plants, etc. In Clepsine the embryos leave the cocoon very 
soon after they get rid of the egg membrane, but in Nephclis 
they remain within the cocoon for a very much longer period 
(27 — 28 days after hatching). The young of Clepsine, after 
their liberation, attach themselves to the ventral surface of their 
parent. 

Our knowledge of the development of the Discophora is in a 
very unsatisfactory state ; but sufficient is known to shew that it 
has very many points in common with that of the Oligochmta, 
and that the Discophora are therefore closely related to the 
Chaetopoda. In Clepsine there is an epiboHc gastrula, and 
mesoblastic bands like those in Euaxes are also formed. In 
Nephelis however the segmentation is very abnormal, and the 
formation of the germinal layers cannot easily be reduced to an 
invaginate gastrula type, though probably it is modified from 
such a type. Mesoblastic bands similar to those in the Oligo- 
chreta occur in this form also. 

The embryology of Clepsine, which will serve as type for the 
Leeches without jaws (Rhyncobdellidm), has recently been 
studied by Whitman (No. 365 ), and that of Nephelis, which will 

1 The Discophora are divided into the following groups. 

I. RhyacoTbdellidsB. 

II. Gnathobdellidas. 

III. BranchiobdellidsB. 
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serve as type for the Leeches with jaws (Gnathobdellidse), has 
been studied by Biitschli (No, 359). The early history of both 
types is imperfectly known 

Formaiiou of the layers. 

Clepsine. it is necessary to give a full account of the segmentation 
of Clepsine, as the formation of the germinal layers would be otherwise 
unintelligible. 

Segmentation commences with the division of the ovum into two unequal 
spheres by a vertical cleavage passing from the animal to the vegetative 
pole. By a second vertical cleavage the large segment is divided into two 
unequal parts, and the small one into two equal parts. Of the four segments 
so produced three ai*e relatively small, and one, placed at the posterior end, 
is large. Each of the four segments next gives rise to a small cell at the 
animal pole. These small cells form the commencement of the epiblast, 
and, according to Whitman, the mouth is eventually placed in their centre. 
Such a position for the mouth, at the animal pole, is extremely unusual, and 
the statements on this head require further confirmation. 

The posterior large segment now divides into two, one of which is dorsal, 
and the other and larger ven- 
tral. I'he former I shall call 
with Whitman the neuroblast, 
and the latter the mesoblast. 

The mesoblast very sliortly 
divides again. During the for- 
mation of the ncuroblast and 
mesf)blast additional cpiblastic 
small cells are added from the 
three splieres which give rise 
to three of the primitive epi~ 
bla.st cells, which may now be 
called the vitelline spheres. 

The neuroljlast next divides 
into ten cells, of which the two 
smaller are soon broken up 
into epiblastic cells, while the 
remaining eight arrange them- 
selves in two groups of four 
each, one group on each side 
at the posterior border of the epiblastic cap. The two mesoblasts also take up 
a position on the right and left sides immediately ventral to the four neuro- 
blasts of each side. The neuroblasts and mesoblasts now commence to 

‘ 1 loffiuann’s account (No. 116) is .so different froin that of other observers that 
I have been unable to make any use of it. 
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FlO. 158. Two VIEWS Ol!' THE LAKVA OF 
Cl.Ei’SlNU, (After Whitman.) 


0 . oral extremity ; m mouth j /v. germinal 
streak. 

A. This figure sliews the blastoderm (shaded) 
with a thickened edge formed by the primitive 
(/.e. mesublastic) streaks with the four so-called 
neurohlasls posteriorly. The vitelline spheres 
are left without sliacling. 

15. represents an embryo in which the blas- 
toderm has enclosed the yolk, and in which the 
division into segments has taken place. At the 
liind end are sliewn the so-called nevu'oblasts 
forming the termination of the germinal streak. 
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proliferate at their anterior border, and produce on each side a tliickcned 
band of cells underneath the edge of the cap of epiblast cells, I'lach of Lhesc 
bands is formed of a superficial quadruple^ row of neuroblasls budded off 
from the four primary neuroblasts, and a deeper row of mesol)lasts. 'Flic 
compound streaks so formed may be called the germinal streaks. 

The general appearance of the embryo as seen from the dorsal surface, 
after the appearance of the two germinal streaks, may be gathered from 
fig. 158 A. The epiblastic cap in this figure is shaded. The cpiblastic cap, 
accompanied by the germinal streaks, now rapidly extends and encloses the 
three vitelline spheres by a process equivalent to that of an ordinary epibolic 
gastrula; but the front and hind ends of the streaks remain practically 
stationary. Owing to this mode of growth the edges of the epiblastic cap 
ancl the germinal streaks meet in a linear fashion along the ventral surface 
of the embryo (fig. 1 59, A and B). The germinal streaks first meet anteriorly 
(B) and their junction is then gradually continued backwards. The process 
is completed at about the time of hatching. 

During the above changes the nuclei of the vitelline spheres ]jass to the 
surface and rapidly divide. Eventually, together with part of the protoplasm 
of the vitelline spheres, they appear to give rise to a layer of liypoblastic 
cells. This layer encloses the remains of the vitelline spheres, which 
become the yolk. 

At the front endof the germinal streaks, in a position corresponding with that 
of the four original epiblast cells, 
two depressions appear which 
coalesce to form the single oral 
invagination ; in the centre of 
which are formed the mouth ancl 
pharynx by a second epiblastic 
invagination. 

The most important point in Fig. 159, Two emkryosov Di.ei'sink in 
connection with the above history which the germinal .streaks have earti- 
is the fate of tvhat have been along the VKN rKA,. unk. (After 

called the germinal streaks. Ac- „esobItestic streaks, 

cording to Whitman they are The area covered h, epiblast is shaded, 
composed of two kinds of cells, The so-called neurobksts at the end of the 
viz, four rows of smaller super- germinal streaks are shewn in B. 
ficial cells, which he calls neuroblasts, and, in the later stages at any rate a 
row of deeper large cells, which he calls mesoblasts. As to the eventual fate 
of these cells he states that the neuroblasts uniting together in the median 
line form the rudiment of the ventral ganglionic chain, while the mesoblasts 
equally coalesce and give rise to the mesohlast. Such a mode of origin for a 
ventral ganglionic chain is, so far as I know, without a parallel in the whole 
animal kingdom ; and whatever evidence Whitman may have that the cells 




1 According to Robin it is more usual for there to be only a triple r 
neuroblasts. 


V of primary 
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in question really do give rise to the nervous system he has not thought fit to 
produce it in his paper. He figui'es a section with the eight neuroblastic cells 
in the middle ventral line, and in the next stage described the nervous 
system is divided up into ganglia ! The first stage, in which the so-called 
nervous system has the form of a single row of eight cells, is cpiite unlike 
any rudiment of the nervous system such as is usually met with in the 
Chadopoda, and not a single stage between this and a ganglionated cord is 
described or figured. Whitman, whose views seem to have been influenced 
by a peculiar, and in my opinion erroneous, theory of Rauber’s about the 
relation of the neural groove of Vertebrata to the blastopore, does not seem 
to be aware that his determination of the fate of his neuroblasts requires any 
special support. 

He quotes the formation of these parts in Euaxes {vide preceding 
Chapter, p. 324) as similar to that in Clepsine. In this comparison it 
appears to me probable that he may be quite correct, but the result of the 
comparison would be to shew that the neuroblasts and mesoblasts composed 
together a mesoblastic band similar to that of the Oligochmta. Till more 
evidence is brought forward by Whitman or some other observer in support 
of the view ibul the so-called neuroblasts have any share in forming the 
nervous system, they must in my opinion be regarded as probably forming, 
in conjunction with the mesoblasts, two simple mesoblastic bands. Kowa- 
levsky lias moreover briefly stated that he has satisfied himself that the 
nervous system in Clepsine originates from the cpililast — a statement which 
certainly could not be lirouglit into harmony with Whitman’s account. 

Hephelis. Nephelis will form my type of the Gnathobdellidne. The 
segmentation of this form has not yet been thoroughly investigated, but 
lUitschli’s (No. .*}.'■>!)) observations are probably the most trustworthy. 

The ovum first divides into two, and then into four segments of which 
two arc slightly smaller than the others. Four small cells which form the 
commencement of the cpiblast arc now formed. Three of them are derived 
by budding from the two larger and one of the smaller of the four cells, 
and the fourth from a subsequent division of one of the larger cells b 
The three cells which assisted in the formation of the epiblast cells again 
give I'ise each to a small cell ; and the small cells so formed constitute a 
layer underneath the epiblast which is the commencement of the hypoblast, 
while the cells from which they originated form the vitelline spheres. 
Shortly after the formation of the hypoblast, the large sphere which has 
hitherto l)een ciuiescent divides into two, one of which then gives rise 
in succession to two small epiblastic elements. 

The two large spheres, resulting from the division of the originally 
c[uiescent sphere, next divide agaiir on the opposite side of the embryo, 
and form a layer of epiblast there ; so that there is now on one side of 
the embryo (the ventral according to Robin) a layer of epiblast formed 

‘ Doubts have been ca.st l)y Whitman on the above account of the origin of the 
four c'[ulilast cells. 


350 


CLEPSINE. 


of six cells, and on the opposite side a layer formed of four cells. The 
.two layers meet at the front border of the embryo and between tlieiu are 
placed the tln-ee large vitelline spheres. The two patches of cpibla-st cells 
now rapidly increase, and gradually spread over the three large vitelline 
spheres. Except where they meet each other at the front edge they Ictivi.; 
uncovered a large part of the margin of the vitelline spheres. 

While these changes have been taking place on the o.xlerior, the 
hypoblast cells have increased in number (additional cells being probably 
derived from the three large vitelline spheres) and fill up in a column-like 
fashion a space which is bounded behind by the three vitelline spheres, and 
in front by the epiblast of the anterior end of the embryo. At the sides of 
the hypoblast the mesoblast has become established, probably as two lateral 
bands. The origin of the cells forming it has not yet been determined. 
The hypoblast cells in the succeeding stage arrange themselves round a 
central archenteric cavity, and at the same time rapidly increase in size 
and become filled with a secondary deposit of food-yolk. Shortly after- 
wards a mouth and thick-walled oesophagus are formed, probably from an 
epiblastic invagination. The mesoblast now forms two curved laienil 
bands at the two sides of the body, ecpiivalent to the mesobiastic l.)iind.s 
of the Chmtopoda. The three vitelline spheres, still largely uncovered Ijy 
the epiblast, lie at the posterior end of the body. The embryo grow.s 
rapidly, especially anteriorly, and the thi'ce vitelline spheres become 
covered by a layer of flattened epiblast cells. " Ai-ound the cesopliagus a 
cavity traversed by muscular fibres is established. Elsewhere there is no 
trace of such a cavity. The cephalic region becomes ciliated, and the 
dorsal part of it, which represents a rudimentary pne-oral lobe, is especially 
prominent. The cilia of the oral region are continued into the lumen of 
the oesophagus, and at a later period are prolonged, as in Lumbricus, along 
the median line of the ventral surface. 

The mesobiastic bands would seem from Biitschli’s observations, which 
receive confirmation from Kleinenberg’s i*esearches on Lumbricus, to be pro- 
longed dorsally to the oesophagus into the cephalic region. Posteriorly they 
abut on the large vitelline spheres, which were supposed by Kowalevsky 
to give origin to them, and to play the same part as the large meso- 
blasts in Lumbricus. It has already been shewn that the function of the 
large cells in Lumbricus has been exaggerated, and Biitschli denies to 
them in Nephelis any share in the production of the mesoblast. It seems 
in fact probable that they are homologous with the three vitelline spheres 
of Clepsine ; and that their primitive function is to give origin to the 
hypoblast. They are visible for a long time at the hind end of the embryo, 
but eventually break up into smaller cells, the fate of which is unknown. 

The embryo of Hirudo would appear from the researches of Robin 
to develop in nearly the same way as that of Nephelis. The anterior 
part is not however ciliated. The three large posterior cells disappear 
relatively early. 
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General history of the larva. 

The larva of Clepsiiie, at the time when the mesoblastic 
bands have met along the ventral line, is represented in fig. 
158 B. It is seen to be already segmented, the process having 
proceeded pari passu with the ventral coalescence of the meso- 
blastic bands. The segments are formed from before backwards 
as in Chaetopoda. The dorsal surface is flat and short, and the 
ventral very convex. The embryo about this time leaves its 
capsule, and attaches itself to its parent. It rapidly elongates, 
and the dorsal surface, growing more rapidly than the ventral, 
becomes at last the more convex. Eventually thirty-three post- 
oral segments become formed ; of which the eight last coalesce 
to form the posterior sucker. 

The general development of the body of Nephelis and 
Hirudo is nearly the same as that of Clepsiiie. The embryo 
passes from a spherical to an oval, and then to a vermiform 
shape. For full details the reader is referred to Robin’s 
memoir. 

The presence of a well-marked protuberance above the 
oesophagus, which forms the rudiment of a prm-oral lobe, has 
already been mentioned as characteristic of the embryo of 
Nephelis ; no such structure is found in Clepsine. 

History of the germinal layer's and development of organs. 

The epiblast. The epiblast is formed of a single layer of 
cells and early develops a delicate cuticle which is clearly formed 
quite independently of the egg membrane. It becomes raised 
into a series of transverse rings which bear no relation to the 
true somites of the mesoblast. 

The nervous system. The nervous system is probably 
derived from the epiblast, but its origin still requires further 
investigation. The ventral cord breaks up into a series of 
ganglia, which at first correspond exactly with the somites of 
the mesoblast. Of these, four or perhaps three eventually coal- 
esce to form the sub-oesophageal ganglion, and seven or eight 
become united in the posterior sucker. 

It would appear from Biitschli’s statements that the supra- 
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cesophageal ganglion arises, as in OligochcSta, independently of 
the ventral cord. 

MesoMast. It has already been indicated that the meso- 
blast probably takes its origin both in Neplielis and Clepsine 
from the two mesoblastie bands which unite in the median 
ventral line. The further history of these bands is only im- 
perfectly known. They become segmented from before back- 
wards. The somites formed by the segmentation gradually 
grow upwards and meet in the dorsal line. Septa are formed 
between the somites probably in the same way as in the 
OHgochaeta. 

In Clepsine the mesoblastie bands are stated by Kowalevsky to be- 
come split into somatic and splanchnic layers, between which are placed 
the so-called lateral sinuses. These sinuses form, according to Whitman, 
a single continuous tube investing the alimentary tract ; a tube which 
differs therefore to a very small extent from the normal body cavity of 
the ChiBtopoda. The somatic layer of mesoblast no doubt gives rise to 
the circular and longitudinal muscular layers of the embryo. The former 
is stated to appear the earliest, while the latter, as in the Oligochteta, 
first takes its origin on the ventral side. 

A delicate musculature, formed mainly of transverse but also of longi- 
tudinal fibres, would appear to be developed independently of the ineso- 
blastic bands in Nephelis and Hirudo (Rathke, Leuckart, Robin, and 
Butschli). It develops apparently from certain stellate cells which are 
found between the walls of the alimentary tract and the skin, and which 
probably correspond to the system of contractile fibres which pass from 
the body w-all to the alimentary tract through the segmentation cavity in 
the larva of Chaetopoda, various Vermes and Molluscah 

The mesoblast, so far as is known, gives rise, in addition to 
the parts already mentioned, to the excretory organs, generative 
organs, vascular system, etc. 

Excretory organs. There are found in the embryo of Nephe- 
lis and Hirudo certain remarkable provisional excretory organs 
the origin and history of which is not yet fully made out. In 
Nephelis they appear as one (according to Robin, No. or 
(according to Butschli, No. 359) as two successive pairs of 

1 According to Robin this sy.stem of muscles becomes gradually streiigthened and 
converted into the permanent system. Rathke on the other hand slates that it is 
provisional, and that it is replaced by the muscles devcloired from the mesoblastie 
somites. It is possible to suppose that it may really become incorporated in the lalter 
system, , ' 
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convoluted tubes on the dorsal side of the embryo, which are 
stated by the latter author to develop from the scattered meso- 
blast cells underneath the skin. At their fullest development 
they extend, according to Robin, from close to the head to near 
the ventral sucker. Each of them is U-shaped, with the open 
end forwards, each limb of the U being formed by two tubes 
united in front No external opening has been clearly made 
out. Semper believed that the tubes were continuous with 
the three posterior vitelline cells, but this has been shewn not 
to be the case. Fiirbringer^ is inclined from his own re- 
searches to believe that they open laterally. They contain a 
clear fluid. 

In Hirudo, Leuckart (No. 362) has described three similar 
pairs of organs the structure of which he has fully elucidated. 
They are situated in the posterior part of the body, and each of 
them commences with an enlargement from which a convoluted 
tube is continued for some distance backwards ; it then turns 
forwards again and afterwards bends upon itself to open to the 
exterior. The anterior part is broken up into a kind of laby- 
rinthic network. 

The true segmental organs are found in a certain number 
of the segments and are stated (Whitman) to develop from 
groups of mesoblast cells. Their origin requires however further 
investigation. 

A double row of colossal cells on each side of the body has been 
described in Clepsine by Whitman as derived from the mesoblastic plates. 
These cells (fig. 58 B), which he calls segment-cells, lie opposite the walls of 
the septa. The inner i-ow is stated to be connected with the segmental 
organs. Their eventual histoiy is unknown, but they are conjectured 
by Whitman to be the mother cells of the testes. 

The alimentary tract. This is formed primitively of two 
parts — the epiblastic stomodseum — forming mouth, pharynx, 
and oesophagus, and the hypoblastic mesenteron. The anus is 
formed very late as a simple perforation immediately dorsal to 
the posterior sucker. 

In Clepsine, where there is an epibolic gastrula, the rudiment 

Morphologisches JahrUich, Vol. iv. p. 676. He further speaks of the tube as 
“feiiiverzweigt u. netzfdrmig verastelt,” bitt whether from his own observations i.s 
not clear. 


B. II. 


23 


354 


DEVELOPMENT OF ORGANS. 


of the mesenteron is at first formed of the three vitelline 
spheres, from the surface of which a true hypoblastic layer 
enclosing a central yolk mass becomes differentiated, as already 
described. The mesenteric sack so formed is constricted b}’- the 
growth of the mesoblastic septa into a scries of lobes, while the 
posterior part forms a narrow and at first very short tube open- 
ing by the anus. 

The lobed region forms the sacculated stomach of the adult. 
The sacculations of the stomach by their mode of origin neces- 
sarily correspond with the segments. In the adult however the 
anterior lobe is really double and has two divisions for the two 
segments it fills, while the posterior lobe, which, as is well 
known, extends backwards parallel with the rectum, is composed 
of five segmental sacculations. In connection with the stomo- 
damm a protrusible pharynx is developed. 

In Hirudo and Nephelis the mesenteron has from the first a 
sack-like form. The cells which compose the sack give rise to a 
secondary deposit of food-yolk. The further changes are prac- 
tically the same as in Clepsine. In Hirudo the posterior saccu- 
lation of the stomach is primitively unpaired. The jaws are 
formed at about the same time as the eyes as protuberances on 
the wall of the oral cavity. 
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CHAPTER XIV. 


GEPHYREV. 

It is convenient foi* the purposes of embryology to divide 
the Gephyrea into two groups, viz. (i) Gephyrea nuda or true 
Gephyrea ; and (2) Gephyrea tubicola formed by the genus 
Phoronis. 

Gephyrea nuda. 

Segmentation and formation of the layers. 

An embolic or epibolic gastrula is characteristic of the 
Gephyrea, and the blastopore appears, in some cases at any rate 
(Phascolosoma, Thalassema), to become the mouth. 

Bonellia. In Bonellia (Spengel, No. 370) the segmentation 
is unequal but complete, and, as in many Molluscs etc., the 
ovum exhibits before its commencement a distinction into a 
protoplasmic and a yoke pole. The ovum first divides into four 
equal segments, each of them formed of the same constituents as 
the original ovum. At the animal pole four small cells, entirely 
formed of protoplasm, are next formed by an equatorial furrow. 
They soon place themselves in the intervals between the large 
spheres. Four small cells are again budded off from the large 
spheres and the eight small cells then divide. By a further 
continuation of the division of the existing small cells, and the 
formation of fresh ones from the large spheres, a layer of small 

^ The following scheme shews the classification of the Gephyrea adopted in the 
present chapter : — 

I. Gephyrea nnda. 

II. Gephyrea tubicola (Phoronis). 
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cells is eventually formed, wliich coinpletcl)^ envelops tlu.; foiir 
largc sphcre.s except for a small blastopore at the vcget.ativc jx^le 
of the ovum (fig. i6o A). The large .spheres continue to give 
ri.se to smaller cells which however no longer take a superficial 
position but Ho within the layer of small cells, and gi\a; rise to 
the hypoblast (fig. i6o B). The .small cells become the epiblast, 
and at the blastopore they curl inwards (fig. 160 B) and give 



Fig. 160. Embolic OASTRifLA of noNEi.i-t.\. (After Spengd.) 

A. Stage when the four hypobl.ast cells are nearly enclosed. 

B. Stage after the formation of the mesoblast has commenced by an infolding of 
the lip.s of the blastopore. 

epiblast; mesoblast; (i/. blastopore. 

rise to a layer of cells, which appears to extend as an unbroken 
sheet between the epiblast and hypoblast, and to form tlie 
mesoblast. The blastopore now closes up, but its po.sition in 
relation to the parts of the embiyo has not been made out. 

In Phascolosoma (Selenka, No. 369) the ovum, enclosed in a 
porous zona radiata, divides into two unequal spheres, of which 
the smaller next divides into two and then into four. An 
invagination takes place which is intermediate between tlie 
embolic and the epibolic types. The .small cells, the number of 
which is increased by additions from the large sphere, divide, and 
grow round the large sphere. The latter in the meantime also 
divides, and the cells produced from it form on the one hand a 
small sack which opens by the blastopore, and on tlie other they 
fill up the segmentation cavity, and become the mesobia.st and 
blood corpuscles. The blastopore becomes tlie permanent 
mouth. 
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Larval forms and development of organs. 

Amongst the Gephyrea armata the larva has as a rule 
(Thalassema, Echiurus) the characters of a trochosphere, and 
closely approaches the typical form characteristic of the larva of 
Polygordius, often known as Loven’s larva. In Bonellia this 
larval form is less perfectly preserved. 

EcMums. In Echiurus (Salensky, No. 368) the youngest 
known larva has all the typical trochosphere characters (fig. i6i). 
It is covered with cilia and divided into a prae-oral lobe and 
post-oral region of nearly equal dimensions. Thei'e is a double 
ciliated ring which separates the two sections of the body as in 
the larva of Polygordius : the mouth fti) opens between its two 
elements. The alimentary canal is divided into a stomoda;um 
with a ventral opening, a large stomach, and a short intestine 
opening by a terminal anus {an). Connecting the oesophagus 
with the apex of the prse-oral lobe is the usual contractile band, 
and at the insertion of this band is a thickening of the epiblast 
which probably represents the rudiment of the supra-cesophageal 
ganglion. A ventral nerve cord is stated by Salensky to be 
present, but his observations on this point are not quite satis- 
factory. 

The metamorphosis is accompanied by the loss of swimming 
power, and consists in the 
enlargement of the post-oral 
portion of the trunk, and in 
the simultaneous reduction 
of the prm-oral lobe, which 
remains however perma- 
nently as the cylindrical 
proboscis, A groove which 
terminates posteriorly at the 
mouth is very early formed 
on its ventral side. The 
ciliated rings gradually dis- 
appear during the metamor- 
phosis. 

Of the further external 



Fig. i6i. Larva of Echiurus. 
(After Salensky.) 

m. mouth ; an. anus ; sg. supra-ceso- 
phageal ganglion {?). 
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changes the most important are (i) the early appearance 
round the anal end of the body of a ring of bristles ; and (2) the 
appearance of a pair of ventral setas in the anterior part of the 
body. The anterior ring of bristles characteristic of the adult 
Echiurus does not appear till a late period. 

Of the internal changes the earliest is the formation of the 
anal respiratory sacks. With the growth of the posterior part 
of the trunk the intestine elongates, and becomes coiled. 

Bonellia. The embryo of Bonellia, while still within the 
egg, retains a spherical form and acquires an equatorial band of 
cilia, behind which a second narrower band is soon established, 
while in front of the first one a pair of eye-spots becomes 



Fig. 163. Three .stages in the develox’MENT or ISonei.lia. (After Spoigel.) 

A. Larva with two ciliated band.s and two eye*.spotH. 

B. Ripe larva from the dorsal surface. 

C. Young female Bonellia from the side. 

al alimentary tr.act; vu mouth; sc. provisional excretory lube; .f. ventral hook ; 
rtw.v/. anal vesicle. 

formed (fig. 162 A). The embryo on becoming hatched rapidly 
elongates, while at the same time it becomes dorso-ventrally 
flattened and acquires a complete coating of cilia (fig. 1C2 B). 
x\ccording to Spengel it resembles at this time in its form and 
habits a rhabdocoslous Turbellarian. The anterior part is 
however somewhat swollen and presents an indication of a 
prm-oral lobe. 
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During the above changes important advances are made ill the forma- 
tion of the organs from the embryonic layers. 

The epiblast acquires a superficial cuticula, which is perhaps directly 
derived from the vitelline membrane. The nervous system is also formed, 
probably from the epiblast. The band-like supra -oesophageal ganglion is 
the first part of the nervous system formed, and appears to be undoubtedly 
derived from the epiblast. The ventral cord arises somewhat later, but the 
first stages in its development have not been satisfactorily traced. It is 
continuous with the supra-oesophageal band which completely girths the 
oesophagus without exhibiting any special dorsal enlargement. After the 
ventral cord has become completely separated from the epiblast a central 
fibrous mass becomes differentiated in it, while the lateral parts are composed 
of ganglion cells. In the arrangement of its cells it presents indications of 
being composed of two lateral halves. It is, however, without ganglionic 
swellings. 

The mesoblast, though at first very thin, soon exhibits a differentiation 
into a splanchnic and somatic layer — though the two do not become 
distinctly separated by a body cavity. The somatic layer i-apidly becomes 
thicker, and enlarges laterally to form two bands united dorsally and 
ventrally by narrow, thinner bands. The outermost parts of each of these 
bands become differentiated into an external circular and an internal 
longitudinal layer of muscles. In the prm-oral lobe the mesoblast assumes 
a somewhat vacuolated character. 

The hypoblast cells form a complete layer round the four yolk cells from 
which they arise (fig. 162 B, al), but at first no alimentary lumen is developed. 
The oesophagus appears during this period as an, at first solid, but subse- 
quently hollow, outgrowth of the hypoblast towards the epiblast. 

The metamorphosis of the larva into the adult female 
Bonellia commences with the conversion of many of the in* 
different mesoblast cells into blood corpuscles, and the intro- 
duction into the body cavity of a large amount of fluid, which 
separates the splanchnic and somatic layers of me.soblast. The 
fluid is believed by Spengel to be sea-water, introduced by two 
anal pouches, the development of which is described below. 

The body cavity is lined by a peritoneum, and very soon 
distinct vessels, formed by folds of the peritoneum, become 
established. Of these there are three trunks, two lateral and a 
median in the pr£E-oral lobe (proboscis), and in the body a 
ventral trunk above the nerve cord, and an intestinal trunk 
opening anteriorly into the ventral one. The vessels appear 
to communicate with the body cavity. 

Ill the course of the above changes the two ciliated bands 
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disappear, the hinder one first. The cilia covering the general 
.surface become atrophied, with the exception of those on the 
ventral side of the prse-oral lobe. The latter structure becomes 
more prominent ; the stellate mesoblast cells, which fill up its 
interior, become contractile, and it gives rise to the proboscis 
(fig. 162 C). 

At the point where the cesophageal protuberance joined the epiblast at 
a previous stage the mouth becomes established (fig. 162 C, m), and though 
it is formed subsequently to the atrophy of the anterior ciliated band, yet 
there is evidence that it is potentially situated behind this band. The lumen 
of the alimentary canal becomes established by the absorption of the 
remains of the four central cells. The anus is formed on the ventral side 
of the posterior end of the body, and close to it the pouches already noticed 
grow out from the hindermost part of the alimentary tract (fig. 162 C, an.v). 
They are at first simple blind pouches, but subsequently open into the 
body cavity^. They become the anal pouches of the adult. There is present 
when the mouth is first formed a peculiar process of the alimentary tract 
projecting into the pim-oral lobe, which appears to atrophy .shortly after- 
wards. 

After the formation of the mouth, there arc formed on the ventral side of 
and slightly behind it (i) anteriorly a pair of tubes, which appear to be 
provisional excretory organs and soon disappear (fig. 163 C, .\r); and (2) 
behind them a pair of bristles {s) which remain in the adult. The formation 
of the permanent excretory (?) organ (oviduct and uterus) has not been 
followed out. The ovary appears very early as a differentiation of the 
epithelium lining the ventral vessel. 

The larvm, which become the minute parasitic males, undergo * 
a very different and far less complete metamorphosis than those 
which become females. They attach themselves to the pro- 
boscis of an adult female, and lose their ciliated band.s. Germi- 
nal cells make their appearance in the mesoblast, which form 
spherical masses, and, like the germinal balls in the female 
ovary, consist of a central cell, and an epithelium around it. 
The central cell becomes very large, while the peripheral cells 
give rise to the spermatozoa. A body cavity becomes developed 
in the larvce, into which the spermatic balls are dehisced. 
Neither mouth nor anus is formed. The further changes have 
not been followed out 

1 The fact that these pouche.s are outgrowth.s of the alinienlai-y tract appears to 
preclude the possibility of their being homologous with e.xcretory tube.s of (he I’laty- 
elmiuthes and Rotifera. 
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The larval males make their way into the cesopfiagus of the 
female, where they no doubt live for some time, and probably 
become mature, though the seminal pouch of the adult is not 
found in many of the males living in the oesophagus. When 
mature the males leave the oesophagus, and pass into the 
uterus. 

Pbascolosoma. Cilia appear in Phascolosoma (Selenka, 
No. 369) while the ovum is still segmenting. After segmentation 
they form a definite band immediately behind the mouth, which 
divides the larva into two hemispheres — a prae-oral and a post- 
oral. A prae-oral band of cilia is soon formed close to the post- 
oral band, and at the apex of the prae-oral lobe a tuft of cilia 
also appears. 

The larva has now the characters of a trochosphere, but 
differs from the typical trochosphere in the post-oral part of the 
ciliated equatorial ring being more important than the prae-oral, 
and in the absence of an anus. 

The metamox-phosis commences very early. The trunk 
rapidly elongates, and the prae-oral lobe becomes relatively less 
and less conspicuous. The zona radiata becomes the larval 
cuticle. 

Three pairs of bristles are formed on the trunk, of which the 
posterior pair appears first, then the anterior, and finally the 
middle pair ; an oi'der of succession Avhich clearly proves they 
can have no connection with a true segmentation. 

The tentacles become developed betzveeu the two parts of the 
ciliated ring, and finally the prae-oral lobe, unlike what takes 
place in the Gephyrea armata, nearly completely vanishes. 

The anus appears fairly late on the dorsal surface, and the 
ventral nerve cord is established as an unganglionated thickening 
of the ventral cpiblast. 

Gephyrea tubicola. 

The larva of Phoronis was known as Actinotrocha long 
before its connection with Phoronis was established by Kowa- 
levsky (No. 372). There is a complete segmentation leading to 
the formation of a blastosphere, which is followed by an invagi- 
nation, the opening of which is said by Kowalevsky to remain as 
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the mouthh It is at first terminal, but on the development of a 
large prm-oral lobe it assumes a ventral position. The anus 
is formed at a later period at the posterior end of the body. 


Fig, 163, A seiues of stages in the develoi’Ment of Piioronis from 
Actinotrocha. (After Metschnikoff.) 

A. Young lam. 

B. Larva after the formation of post-oral ring of tentacles. 

C. Larva with commencing invagination to form the body of Phoronis. 

I). Invagination partially everted, 

E. Invagination completely everted. 
m. mouth; an. anus; iv. invagination to form the body of Phoronis. 

The youngest free larva observed by Metschnikoff (No. 378) 
was less developed than the oldest larva found by Kowalcvsk}^ 

Kowalovsky states that what I have called the mouth is the anus, Intt his sul)- 
sequent descriptions shew that he has transposed the mouth and anus in the cmliryo, 
and that the opening, which he asserts to be the anus, is in reality the mouth. 
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It probably belongs to a different species. The body is uni- 
formly ciliated (fig. 163 A). There is a large contractile prse-oral 
lobe, and the body ends behind in two processes. The mouth 
{ill) is ventral, and the anus iaii) dorsal, and not terminal as in 
Kowalevsky’s larva. 

The alimentary tract is divided into stomodmum, stomach 
and intestine. The two processes at the hind end of the body 
are the rudiments of the first-formed pair of the arms which are 
so characteristic of the fully developed Actinotrocha. A second 
pair of arms next become established on the dorsal side of the 
previously existing pair, and the region where the anus is placed 
grows out as a special process. New pairs of arms continue to 
be formed in succession dorsalwards and forwards, and soon 
constitute a compute oblique post-oral ring (fig. 163 B). They are 
covered by long cilia. Round the anal process a very conspicuous 
ciliated ring also becomes established. 

At the period when five pairs of arms are present a delicate membrane 
becomes visible on the ventral side of the intestine which joins the somatic 
mesoblast anteriorly. This membrane is the rudiment of the future ventral 
vessel. The somatic mesoblast is present even before this period as a 
delicate layer of circular muscular fibres. 

When six pairs of arms have become formed an involution 
(fig. 163 C, h) appears on the ventral side, immediately behind 
the ring of arms. This involution consists both of the epiblast 
and somatic mesoblast. It grows inwards towards the intestine, 
and, increasing greatly in length, becomes at the same time 
much folded. 

When it has reached its full development the critical period 
of the metamorphosis of Actinotrocha into Phoronis is reached, 
and is completed in about a quarter of an hour. The ventral 
involution becomes evoluted (fig. 163 D), just as one might turn 
out the finger of a glove which had been pulled inwards. When 
the involution has been to a certain extent everted, the alimen- 
tary canal passes into it, and at the same time the body of the 
larva becomes violently contracted. By the time the evagi- 
nation is completed it forms (fig. 162 E) a long conical body, 
containing the greater part of the alimentary tract, and consti- 
tuting the body of the young Phoronis. The original anal process 
remains on the dorsal side as a small papilla (fig. 162 E, an). 
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While these changes have been taking place the pra>oral 
lobe has become much contracted, and partly withdrawn into 
the stomodasum. At the same time the arms have become bent 
foiavard, so as to form a ring round the mouth. Their bases 
become much thickened. The metamorpho.sis is compkhed l3y 
the entire withdrawal of the prm-oral lobe within the oesophagus, 
and by the casting off of the ends of the arms, their leases 
remaining as the circumoral ring of tentacles, which form 
however a lophophore rather than a complete ring. The 
perianal ring of cilia is also thrown off, and the anal process 
withdrawn into the body of the young Phoronis. There are now 
three longitudinal vascular trunks, united anteriorly by a circular 
vessel which is prolonged into the tentacles. 

General Considerations. 

The development of Phoronis is so different from that of the 
other Gephyrea that further investigations are required to shew 
whether Phoronis is a true Gephyrean. Apart from its peculiar 
metamorphosis Actinotrocha is a very interesting larval form, in 
that it is without a prae-oral ciliated ring, and that the tentacles 
of the adult are derived from a true post-oral ring, prolonged 
into arm-like processes. 

The other Gephyrea present in their development an obvious 
similarity to the normal Ch?etopoda, but their development stop.s 
short of that of the Chmtopoda, in that they are clearly without 
any indications of a true segmentation. In the face of what is 
known of their development it is hardly credible that they can 
represent a degenerate Chsetopod phylum in which segmentation 
has become lost. Further than this the Gephyrea armata seem 
in one respect to be a very primitive type in that they retain 
through life a well-developed pra:-oral lobe, wliich constitutes 
their proboscis. In almost allother forms, except Balanoglossus, 
the larval prse-oral lobe becomes reduced to a relatively in- 
significant anterior part of the head. 
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Fig. 164. Three stages in the development oe Sagitta. (A and C aflov 
Biitschli and B after Kowalevsky.) The three embryos are represented in the sume 
l^ositions. 

A. The gastrula stage. 

B. A succeeding stage in which the primitive archenterou is commencing b.) l)e 
divided into three parts, the two lateral of which are destined to form the body 
cavity. 

C. A later stage in which the mouth involution {m) has become continuous witli 
the alimentary tract, and the blastopore has become closed. 

w. mouth; «/. alimentary canal; archcnteron ; <5/./. blastopore ; /i». perivisceral 
cavity; sp. splanchiiopleuric mcsoblast; S0. somatopleuric niesoblast ; generative 
organs. 
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The present chapter deals with three .small isolated groups, 
which only resemble each other in that the systematic position of 
all of them is equally obscure. 


Ch(Btognatha. 


The discoveries of Kowalevsky (No. 378) confirmed by 
Biitschli (No. 376) with reference to the development of Sagitta, 
though they have 
systematic position of this 
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great value for the more general problems of embryology. The 
development commences after the eggs are laid. The segmen- 
tation is uniform, and a blastosphere, formed of a single layer of 
columnar cells, is the product of it. An invagination takes 
place, the opening of which narrows to a blastopore situated 
at the pole of the embryo opposite that at which the mouth 
subsequently appears (fig. 164 A). The simple archenteron soon 
becomes anteriorly divided into three lobes, which communicate 
freely with the still single cavity behind (fig. 164 B). The two 
lateral lobes are destined to form the body cavity, and the 
median lobe the alimentary tract of the adult. Ari invagination 
soon arises at the opposite pole of the embryo to the blastopore 
and forms the mouth and oesophagus (fig. 164 B and C, iii). 

At the gastrula stage there is formed a paired mass destined 
to give rise to the generative organs. It arises as a prominence 
of six cells, projecting from the hypoblast at the anterior pole of 
the archenteron, and soon separates itself as a mass, or probably 
a pair of masses, lying freely in the cavity of the archenteron 
(fig. 164 Kygi). When the folding of the primitive cavity takes 
place the generative rudiment is situated at the hind end of the 
median lobe of the archenteron in the position represented 
in fig. 164 C, ge. 

An elongation of the posterior end of the embryo now takes 
place, and the embryo becomes coiled up in the egg, and when 
eventually hatched sufificiently resembles the adult to be recog- 
nisable as a young Sagitta. 

Before hatching takes place various important changes 
become manifest. The blastopore disappears after being carried 
to the ventral surface. The middle section of the trilobed region 
of the archenteron becomes separated from the unpaired 
posterior part, and forms a tube, blind behind, but opening 
in front by the mouth (fig. 165 A, al). It constitutes the perma- 
nent alimentary tract, and is formed of a pharyngeal epiblastic 
invagination, and a posterior hypoblastic section derived from 
the primitive archenteron. The anus is apparently not formed 
till comparatively late. After the isolation of the alimentary 
tract the remainder of the archenteron is formed of two cavities 
in front, which open freely into a single cavity behind (fig. 
165 A). The zvhole of it constitutes the body cavity a 7 id its walls 
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Fig. 164. Three stages in the development of Sagitta. (A and C after 
Evitsclili and B after Kowalevsky.) The three embryos are represented in the same 
positions. 

A. The gastrula stage- 

B. A succeeding stage in which the primitive archenteron is commencing to he 

divided into three part.Sj the two lateral of which are destined to form the body 
cavity. ■ 

C. A later stage in which the mouth involution (?«) has become continuous with 
the alimentary tract, and the blastopore has become closed. 

mouth; «/. alimentary canal ; ar. archenteron; bl.p. blastopore ; /Sz). perivisceral 
cavity; sp. spianchnopleuric mesoblast; so. somatopleuric mesoblast; ^2. generative 

organs. 


The present chapter deals with three small isolated groups, 
which only resemble each other in that the systematic position of 
all of them is equally obscure. 


Ch<Btogiiatha. 

The discoveries of Kowalevsky (No. S78) confirmed by 
Butschli (No. 376) with reference to the development of Sagitta, 
though they have not brought us nearer to a knowledge of the 
systematic position of this remarkable form, are nevertheless of 
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great value for the more general problems of embryology. The 
development commences after the eggs are laid. The segmen- 
tation is uniform, and a blastosphere, formed of a single layer of 
columnar cells, is the product of it An invagination takes 
place, the opening of which narrows to a blastopore situated 
at the pole of the embryo opposite that at which the mouth 
subsequently appears (fig. 1 64 A). The simple archenteron soon 
becomes anteriorly divided into three lobes, which communicate 
freely with the still single cavity behind (fig. 164 B). The two 
lateral lobes are destined to form the body cavity, and the 
median lobe the alimentary tract of the adult. Ah invagination 
soon arises at the opposite pole of the embryo to the blastopore 
and forms the mouth and oesophagus (fig. 164 B and C, 

At the gastrula stage there is formed a paired mass destined 
to give rise to the generative organs. It arises as a prominence 
of six cells, projecting from the hypoblast at the anterior pole of 
the archenteron, and soon separates itself as a mass, or probably 
a pair of masses, lying freely in the cavity of the archenteron 
(fig. 164 A, ge). When the folding of the primitive cavity takes 
place the generative rudiment is situated at the hind end of the 
median lobe of the archentei'on in the position represented 
in fig. 164 C, ge. 

An elongation of the posterior end of the embryo now takes 
place, and the embryo becomes coiled up in the egg, and when 
eventually hatched sufficiently resembles the adult to be recog- 
nisable as a young Sagitta. 

Before hatching takes place various important changes 
become manifest. The blastopore disappears after being carried 
to the ventral surface. The middle section of the trilobed region 
of the archenteron becomes separated from the unpaired 
posterior part, and forms a tube, blind behind, but opening- 
in front by the mouth (fig. 165 A, al). It constitutes the perma- 
nent alimentary tract, and is formed of a pharyngeal epiblastic 
invagination, and a posterior hypoblastic section derived from 
the primitive archenteron. The anus is apparently not formed 
till comparatively late. After the isolation of the alimentary 
tract the remainder of the archenteron is formed of two cavities 
in front, which open freely into a single cavity behind (fig. 
165 A). The ivhole of it constitutes the body cavity and its walls 
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the mesoblast The anterior paired part becomes partitioned off 
into a head section and a trunk section (fig. 165 A and B). The 
former constitutes a pair of distinct cavities {c.pih) in the head, 
and the latter two cavities opening freely into the unpaired 
portion behind. At the junction of the paired cavities with the 
unpaired cavity are situated the generative organs {^gc)~ The 
inner wall of each of the paired cavities forms the splanchno- 
pleuric mesoblast, and the outer wall of the whole the somatic 
mesoblast The inner walls of the posterior cavities unite above 
and below the alimentary tract, and form the dorsal and ventral 
mesenteries, which divide the body cavity into two compartments 
in the adult Before the hatching of the embryo takes place 
this mesentery is continued backwards so as to divide the 
primitively unpaired caudal part of the body cavity in the 
same way. 

From the somatic mesoblast of the trunk is derived the 
single layer of longitudinal muscles of Sagitta, and part of the 
epithelioid lining of the body cavity. The anterior termination 
of the trunk division of the body cavity is marked in the adult 
by the mesentery dividing into two laminae, which bend outwards 
to join the body wall. 

The cephalic sec- 
tion of the body cavity 
seems to atrophy, and 
its walls to become con- 
verted into the compli- 
cated system of muscles 
present in the head of 
the adult Sagitta. 

In the presence of 
a section of the body 
cavity in the head the 
embryo of Sagitta re- 
sembles Lumbricus, 

Spiders, etc. 

The generative ru- side. {After Biitschli.) 

dinient^ of each side mouth; al, alimentary canal; v.g. ventral 

divides into an anterior ganglion (thickening of epiblast) ; ep. epibkst ; cpv, 

and a no^tprinr mi-f- of c^^vity ; j,?. somalopleure; 

ana a posterior part j/. splanchnopleure ; generative organs. 
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(fig. 165, £-e). The former constitutes the ovary, and is situated 
in front of the septum dividing the tail from the body ; and the 
latter, in the caudal region of the trunk, forms the testis. 

The nervous system originates from the epiblast. There is a 
ventral thickening (fig. 165 B, v.^-) in the anterior region of the 
trunk, and a dorsal one in the head. The two are at first 
continuous, and on becoming separated from the epiblast remain 
united by thin cords. ’ 

The ventral ganglion is far more prominent during embryonic 
life than in the adult. Its position and early prominence in the 
embryo perhaps indicate that it is the homologue of the ventral 
cord of Chastopodah 
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Myzostomea. 

The development of these peculiar parasites on Crinoids has been 
investigated by Metschnikoff (No. 380), Semper (No. 381), and Graff 
(No. 879). 

The segmentation is unequal, and would appear to be followed by an 
epibolic invagination. The outer layer of cells (epiblast) becomes covered 
with cilia, and the inner is transformed into a non-cellular (.?) central yolk 
mass. At this stage the larva is hatched, and commences to lead a free 
existence. In the next stage observed by Metschnikoff, the mouth, oeso- 
phagus, stomach, and anus had become developed ; and two pairs of feet 
were present. In both of these feet Chaetopod-like setae were present, which 
in the hinder pair were simple fine bristles without a terminal hook. The 
papilliform poition of the foot is at first undeveloped. The feet become 
successively added, like Chastopod segments, and the stomach does not 
become dendriform till the whole complement of feet (5 pairs) are present. 

In the primitive covering of cilia, combined with a subsequent indication 

' 1 Langerhans has recently made some important investigations on the nervous 
system of Sagitta, and identifies the ventral ganglion with the parieto-splanchnic gan- 
glia of Molluscs, while he has found a pair of new ganglia, the development of which 
is unknown, which he calls the suboesophageal or pedal ganglia. The embiyolo- 
gical Lets do not appear to be in favour of these interpi-etatioms. 
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of segments in the formation of the feet and setae, the larva of the Myzo- 
stomea shews an approximation to the Chaetopoda, and the group is 
probably to be regarded as an early Chaetopod type specially modilied in 
connection with its parasitic habits. 
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Gastrotricha, 

A few observations of Ludwig on the winter eggs of Ichthydium larus 
shew that the segmentation is a total and apparently a regular one. It 
leads to the formation of a solid morula. The embryo has a ventral 
curvature, and the caudal forks are early formed as cuticular structures. By 
the time the embryo leaves the egg, it has almost reached the adult state. 
The ventral cilia arise some little time prior to the hatching. 
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NEMATELMINTHES AND ACANTHOCEPHALA. 

NeM ATELMINTHES ^ 

Nematoidea. Although the ova of various Nematodes have 
formed some of the earliest, as well as the most frequent objects 
of embiyological observation, their development is still but very 
imperfectly known. Both viviparous and oviparous forms are 
common, and in the case of the oviparous forms the eggs are 
usually enveloped in a hard shell. The segmentation is total 
and nearly regular, though the two first segments are often 
unequal. The relation of the segmentation spheres to the 
germinal layers is however only satisfactorily established (through 
the researches of Biitschli (No. 888)) in the case of Cucullanus 
elegans, a form parasitic in the Perch 

The early development of this embryo takes place within 
the body of the parent, and the egg is enveloped in a delicate 
membrane. After the completion of the early stages of seg- 
mentation the embryo acquires the form of a thin fiat plate 
composed of two layers of cells (fig. i66 A and B). The two 
layers of this plate give rise respectively to the epiblast and 
hypoblast, and at a certain stage the hypoblastic layer ceases to 

^ The following classification of the Neinatoda is employed in this chapter : 

; r Ascaridse. 

Strongylidse. 

, _ , . j Trichinidm. II. Grordioidea. 

i. wematoidea. • piiai-idse. ni. Chsetosomoidea. 

Mermithidse. 

, f Anguillulidm. 

” The ova of Anguillula aceti are stated by Hallez to undergo a similar develop- 
ment to those of Cucullanus. 
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grow, while the growth of the epiblastic layer continues. As a 
consequence of this the sides of the plate begin to fold over 
towards the side of the hypoblast (fig. i66 D.) This folding 
results in the formation of a remarkably constituted gastrula, 
which has the form of a hollow two-layered cylinder with an 
incompletely closed slit on one side (fig. r66 E, bl.p). This slit 
has the value of a blastopore. It becomes closed by the coales- 
cence of the two edges, a process which commences posteriorly, 



Fig. i66. Various stages in the development of Cucullanus elkgans. 

(From Biitschli.) 

A. Surface view of flattened embryo at an early stage in the segmentation. 

B. Side view of an embryo at a somewhat later stage, in optical section, 

C. Flattened embryo at the completion of segmentation. 

D. Embiyo at the commencement of the gastrula stage. 

E. Embryo when the blastopore is reduced to a mere slit. 

F. Vermiform embiyo after the division of the alimentary tract into asophageal 
and glandular divisions. 

rw. mouth; ej>. epiblast; kjf, hypoblast; me. mesoblast; oesophagus; l/l.p. blas- 
topore. 

and then gradually extends forwards. In front the blastopore 
never becomes completely closed, but remains as the permanent 
mouth. The embryo after these changes has a worm-like form, 
which becomes the more obvious as it grows in length and 
becomes curved (fig. i66 F), 

The hypoblast of the embryo gives rise to the alimentary 
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canal, and soon becomes divided into an oesophageal section 
(fig. i66 F, cii) formed of granular cells, and a posterior division 
formed of clear cells. The mesoblast (fig. 166 , me) takes its 
origin from certain special hypoblast cells around the mouth, 
and thence grows backwards towards the posterior end of the 
body. 

The young Cucullanus becomes hatched while still in the 
generative ducts of its parent, and is distinguished by the 
presence of a remarkable thread-like tail. On the dorsal surface 
is a provisional boring apparatus in the form of a conical papilla. 
A firm cuticle enveloping the body is already present. In this 
condition it leaves its parent and host, and leads for a time a 
free existence in the water. Its metamorphosis is dealt with in 
another section. 

The ova of the Oxyuridte parasitic in Insects are stated by Caleb (No. 
386) to take the form of a blastosphere at the close of segmentation. An 
inner layer is then formed by delamination. What the inner layer gives rise 
to is not clear, since the whole alimentary canal is stated to be derived from 
two buds, which arise at opposite ends of the body, and grow inwards till 
they meet. 

The generative organs. The study of the development of 
the generative organs of Nematodes has led to some interesting 
results. In the case of both sexes the generative organs origi- 
nate (Schneider, No, 390) from a single cell. This cell elongates 
and its nuclei multiply. After assuming a somewhat columnar 
form, it divides into (i) a superficial investing layer, and ( 2 ) an 
axial portion. 

In the female the superficial layer is only developed dis- 
tinctly in the median part of the column. In the course of the 
further development the two ends of the column become the 
blind ends of the ovary, and the axial tissue they contain forms 
the germinal tissue of nucleated protoplasm. The superficial 
layer gives rise to the epithelium of the uterus and oviduct. 
The germinal tissue, which is originally continuous, is interrupted 
in the middle part (where the superficial layer gives rise to the 
uterus and oviduct), and is confined to the two blind extremities 
of the tube. 

In the male the superficial layer, which gives rise to the epi- 
thelium of the vas deferens, is only formed at the hinder end of 
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the original column. In other respects the development takes 
place as in the female. 

Crordioidea, The ovum of Gordius undergoes a regular segmcn1.a,tion. 
According to Villot (No. 391) it forms at the close of segmentation a morula, 
which becomes two-layered by delamination. The embryo is at first 
spherical, but soon becomes elongated. 

By an invagination at the anterior extremity the head is formed. It 
consists of a basal portion, armed with three rings of stylets, and a conical 
proboscis, armed with three large stylets. When the larva becomes free 
the head becomes everted, though it remains retractile. By the time the 
embryo is hatched a complete alimentary tract is formed with an oral opening 
at the end of the proboscis, and a subterminal ventral anal opening. It is 
divided into an cesophagiis and stomach, arid a large gland opens into it at 
the base of the proboscis. 

The body has a number of transverse folds, which give it a ringed 
appearance. 

Metamorphosis and life history, 

Nematoidea. Although a large number of Nematodes have 
a free existence and simple life history, yet the greater number 
of known genera are parasitic, and undergo a more or less com- 
plicated metamorphosis \ According to this metamorphosis 
they may be divided into two groups (which by no means 
closely correspond with the natural divisions), viz. those which 
have a single host, and those with two hosts. Each of these 
main divisions may be subdivided again into two. 

In the first group with one host the simplest cases are those 
in which the adult sexual form of parasite lays its eggs in the 
alimentary tract of its host, and the eggs are thence transported 
to the exterior. The embryo still in the egg, if favoured by 
sufficient warmth and moisture, completes its development up 
to a certain point, and, if then swallowed by an individual of the 
species in which it is parasitic in the adult condition, it is 
denuded of its shell by the action of the gastric juice, and 
develQ|)S directly into the sexual form. 

Leuckart has experimentally established this metamorphosis in the case 
of Trichocephalus affinis, Oxyurns ambigua, and Heterakis vermicularis. 
,lhe Oxyuridae of Blatta and Hydrophilus have a similar life history 

‘ The following facts are mainly derived from Leuckart’s' exhaustive Ireatisu 
(No. 388). 
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(Caleb, No. 386), and it is almost certain that the metamorphosis of the 
human parasites, Ascaris lumbricoides and Oxyurus vermicularis, is of this 
nature. 

A slightly more complicated metamorphosis is common in 
the genera Ascaris and Strongylus. In these cases the egg-shell 
is thin, and the embryo becomes free externally, and enjoys for 
a shorter or longer period a free existence in water or moist 
earth. During this period it grows in size, and though not 
sexual usually closely resembles the adult form of the perma- 
nently free genus Rhabditis. In some cases the free larva 
becomes parasitic in a freshwater Mollusc, but without thereby- 
undergoing any change. It eventually enters the alimentary 
tract of its proper host and there become sexual. 

As examples of this form of development worked out by Leuckart may 
be mentioned Dochmius trigonocephalus, parasitic in the dog, and Ascaris 
acuminata, in the frog. The human parasite Dochmius duodenale under- 
goes the same metamorphosis as Dochmius trigonocephalus. 

A remarkable modification of this type of metamorphosis is found in 
Ascaris (Rhabdonema) nigrovenosa, which in its most developed condition 
is parasitic in the lungs of the frog (Metschnikoff, Leuckart, No. 388). The 
embryos pass through their first developmental phases in the body of the 
parent. They have the typical Rhabditis form, and make their way after 
birth into the frog’s rectum. From this they pass to the exterior, and then 
living either in moist earth, or the fmces of the frog, develop into a sexual 
form, but are very much smaller than in the adult condition. The sexes are 
distinct, and the males are distinguished from the females by their smaller 
size, shorter and rounded tails, and thinner bodies. The females have 
paired ovaries with a very small number of eggs, but the testis of the males 
is unpaired. Impregnation takes place in the usual way, and in summer 
time about four embryos are developed in each female, which soon burst 
their egg-capsules, and then move freely in the uterus. Their active move- 
ments soon burst the uterine walls, and they then come to lie freely in the 
body cavity. The remaining viscera of the mother are next reduced to a 
finely granular material, which serves for the nutrition of the young forms 
which continue to live in the maternal skin. The larvae eventually become 
free, and though in many respects different from the parent form which gave 
rise to them, have nevertheless the Rhabditis form. They live in water or 
slime, and sometimes become parasitic in water-snails ; in neither case how- 
ever do they undergo important changes unless eventually swallowed by a 
fi-og. They then pass down the trachea into the lungs and there rapidly 
develop into the adult form. No separate males have been found in the 
lungs of the frog, but it has been shewn by Schneider (No. 390) that the 
so -called females are really hermaphrodites ; the same gland giving origin 
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to both sperinatozoa and ova, the foirnei" being' developed bcfoic the Intlorh 
The remarkable feature of the above life history is the fact that in the stage 
corresponding with the free larval stage of the previous forms the larva; of 
this species become sexual, and give rise to a second free larval generation, 
which develops into the adult form on again becoming parasitic in the 
original host. It constitutes a somewhat exceptional case of hetcrogamy as 
defined in the introduction. 

Amongst the Nematodes with but a single host a remarkable parasite in 
wheat has its place. This form, known as Anguillula scandens, inhabits in 
the adult condition the ears of wheat, in which it lays its eggs. After 
hatching, the larvse become encysted, but become free on the death of the 
plant. They now inhabit moist earth, but eventually make their way into 
the ears of the young wheat and become sexually mature. 

The second group of parasitic Nematodes with two hosts 
may be divided into two groups, according to whether the larva 
has a free existence before passing into its first or intermediate 
host, or is taken into it while still in the egg. In the majority 
of cases the larval forms live in special connective lis.sue cap- 
sules, or sometimes free in the tissues of their intermediate 
hosts; but the adults, as in the cases of other parasitic Nema- 
todes, inhabit the alimentary tract. 

The life history of Spiroptera obtiisa may be cited as an example of a 
Nematode with two hosts in which the embryo is transported into its 
intermediate host while still within the egg. The adult of this form is 
parasitic in the mouse, and the ova pass out of the alimentary tract with the 
excreta, and may commonly be found in barns, etc. If one of the ova is 
now eaten by the meal-worm (larva of Tenebrio), it passes into the body 
cavity of this worm and undergoes further development. After about five 
weeks it becomes encapsuled between the ‘fat bodies’ of the meal-worm. 
It then undergoes an eedysis, and, if the meal-worm with its parasites is 
now eaten by the mouse, the parasites leave their capsule and develop into 
the sexual form. 

As examples of life histories in which a free state intervenes before the 
intermediate host, Cucullanus elegans and Dracunculus may be selected. 
The adult Cucullanus elegans is parasitic in the alimentary tract of the Tcrch 
and other freshwater fishes. It is a viviparous form, and the young after 
birth pass out into the water. They next become parasitic in Cyclops, 
passing in through the mouth, so into the alimentary tract, and thence into 
the body cavity. They soon undergo an eedysis, in the course of which the 
oesophagus becomes divided into a muscular pharynx and true glandular 

^ Leuckart does not appear to be satisfied as to the hermaphroclitism of these 
forms ; and holds that it is quite possible that the ova may develop parthenogeneti- 
cally.' 
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oisophagus. They then grow rapidly in length, and at a second ecdysis 
acquii-e a peculiar beaker-like mouth cavity approaching that of the adult. 
They do not become encapsuled. No further development of the worm 
takes place so long as it remains in the Cyclops, but, if the Cyclops is now 
swallowed by a Perch, the worm undergoes a further ecdysis, and rapidly 
attains to sexual maturity. 

The observations of Fedschenko on Dracunculus medinensis \ which is 
parasitic in the subcutaneous connective tissue in Man, would seem to shew 
that it undergoes a metamorphosis very similar to that of Cucullanus. There 
is moreover a striking resemblance between the larvm of the two forms. 
The larvcc of Di-acunculus become transported into water, and then make 
their way into the body cavity of a Cyclops by boring through the soft skin 
between the segments on the ventral surface of the body. In the body cavity 
the larvte undergo an ecdysis and further development. But on reaching 
a certain stage of development, though they remain a long time in the 
Cyclops, they grow no further. The remaining history is unknown, but 
probably the next host is man, in which the larva comes to maturity. In the 
adult condition only females of Dracunculus are known, and it has been 
suggested by various writers that the apparent females are in reality herma- 
phrodites, like Ascaris nigrovenosa, in which the male organs come to 
maturity before the female. 

Another very remarkable human parasite belonging to the same group 
as Dracunculus is the form known as Filaria sanguinis hominis, or Filaria 
Bancrofti“. 

The sexual form is parasitic in warm climates in the human tissues, and 
produces multitudes of larvm which pass into the blood, and are sometimes 
voided with the urine. The larvm in the blood do not undergo a further deve- 
lopment, and unless transported to an intermediate host die before very long. 
Some, though as yet hardly sufficient, evidence has been brought forward to 
shew that if the blood of an infected patient is sucked by a mosquito the 
larvte develop further in the alimentary tract of the mosquito, pass through a 
more or less quiescent stage, and eventually grow considerably in size, and 
on the death of the mosquito pass into the water. From the water they are 
probably tran.sported directly or indirectly into the human intestines, and 
then bore their way into the tissues in which they are parasitic, and become 
sexually mature. 

The well-known Trichina spiralis has a life history unlike that of other 
known Nematodes, though there can be little doubt that this form should 
be classified in respect to its life history with the last- described forms. 
The peculiarity of the life history of Trichina is that the embryos set free 
in the alimentary canal pass through the walls into the muscular tissues and 
thei-e encyst ; but do not in a general way pass out from the alimentary 

' Fii/e I.euclvart, IX men. Far,, Vol. n. p. 704. 

“ Vile I). I’. Man.son, “ On the development of Filaria sanguinis hominis.” 
yonrna! of I he I.innean Society, Vol. xiv. No. 75. 
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canal of one host and thence into a fresh host to encyst. It ocf^asionally 
however happens that this migration does take place, and the life history 

of Trichina spiralis then becomes almost identical with that ot some of the 
forms of the third type. Trichina is parasitic in man, and in swine, and 
also in the rat, mouse, cat, fox and other forms which feed upon them. 
Artificially it can be introduced into various herbivorous forms (rabbit, 
guinea-pig, horse) and even birds. 

The sexual form inhabits the alimentary canal. The female is vivi- 
parous, and produces myriads of embryos, which pass into the alimentary 
canal of their host, through the walls of which they make their way, and 
travelling along lines of connective tissue pass into the muscles. Here the 
embryos, which are bom in a very imperfect condition, rapidly develop, 
and eventually assume a quiescent condition in a space inclosed by sarco- 
lemma. Within the sarcolemma a firm capsule is developed for each larva, 
which after some months becomes calcified ; and after the atrophy of the 
sarcolemma a connective tissue layer is formed around it. Within its 
capsule the larva can live for many years, even ten or more, witliout 
undergoing further development, but if at last the infected flesh is eaten by 
a suitable form, e,g. the infected flesh of the pig by man, the quiescent 
state of the larva is brought to a close, and sexual maturity is attained in 
the alimentary tract of the new host. 

Crordioidea. The free larva of Gordius already described usually pene- 
trates into the larva of Chironomus where it becomes encysted. On the 
Chironomus being eaten by some fish (Villot, No. 39) (Phoxinus hevis or 
Cobitis bai-batula), it penetrates into the wail of the intestine of its second 
host, becomes again encysted and remains quiescent for some time. Event- 
ually in the spring it leaves its capsule, and enters the intestine, and 
passes to the exterior with the faeces. It then undergoes a gradual meta- 
morphosis, in the course of which it loses its ringed structure and cephalic 
armature, grows in length, acquires its ventral cord, and on the develop- 
ment of the generative organs loses the greater part of its alimentary tract. 

Young examples of Gordius have often been found in various terrestrial 
carnivorous Insecta, but the meaning of this fact is not yet clear. 
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Acanthocephala. 

The Acanthocephala appear to be always viviparous. At the time of 
impregnation the ovum is a naked cell, and undergoes in this condition the 
earlier phases of segmentation. 

The segmentation is unequal (Leuckart, No. 393), but whether there is an 
epibolic gastrula has not clearly been made out. 

Before segmentation is completed there are formed round the ovum 
thick protecting membranes, which are usually three in number, the middle 
one being the strongest. After segmentation the central cells of the ovum 
fuse together to give rise to a granular mass, while the peripheral cells at a 
slightly later period form a more transpai'eiit syiicytium. At the anterior 
end of the embryo there appears a superficial cuticle bearing in front a ring 
of hooks. 

The embryo is now carried out with the excreta from the intestine of 
the vertebrate host in which its parent lives. It is then swallowed by some 
invertebrate host^. 

In the intestine of the invertebrate host the larva is freed from its 
membranes, and is found to have a somewhat elongated conical form, ter- 
minating anteriorly in an obliquely placed disc, turned slightly towards the 
ventral surface and armed with hooks. Between this disc and the granular 
mass, already described as formed from the central cells of the embryo, is a 
rather conspicuous solid body, Leuckart supposes that this body may re- 
present a rudimentary functionless pharymx, while the granular mass in 
his opinion is an equally radimentary and functionless intestine. The body 
wall is formed of a semifluid internal layer surrounding the rudimentary 
intestine, if such it be, and of a firmer outer wall immediately within the cuticle. 

The adult Echinorhyncus is formed by a remarkable process of develop- 
ment within the body of the larva, and the skin is the only part of the 
larva which is carried over to the adult. 

In Echinorhyncus proteus the larva remains mobile diu'ing the forma- 
tion of the adult, but in other forms the metamorphosis takes place during 
a quiescent condition of the larva. 

The organs of the adult are differentiated from a mass of cells which 
appears to be a product of the central embryonic granular mass, and is 

^ Echin, proteus, which is parasitic in the adult state in many freshwater fish, 
passes through its larval condition in the body cavity of Gammarus pulex. Ech. 
angustatus, parasitic in the Perch, is found in the larval condition in the body cavity 
of Asellus aquaticus. Ech. gigas, parasitic in swine, is stated by Schneider (No. 394) 
to ]xxss through its larval stages in maggots. 
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called by Leuckart the embryonic nucleus. The embryonic nucleus Ix'coincs 
divided into four linearly arranged groups of cells, of which the lunderiuost. 
but one is the largest, and very early differentiates itself into (i) a peripheral 
layer, and (2) a central mass formed of two distinct bodies. The peripheral 
layer of this segment grows forwards and backwards, and emlM-aces the 
other segments, with the exception of the front end of the first one which 
is left uncovered. The envelope so formed gives rise to the splanchnic and 
somatic mesoblast of the adult worm. Of the four groups of cells within it 
the anterior gives rise to the pz'oboscis, the next to the nerve ganglion, the 
third, formed of two bodies, to the paired generatives, and the fourth to the 
generative ducts. The whole of the above complex rapidly elongates, and 
as it does so the enveloping membrane becomes split into two layers ; of 
which the outer forms the muscular wall of the body (somatic mesoblast), 
and the inner the muscular sheath of the proboscis and the so-called gene- 
rative ligament enveloping the generative organs. The inner layer may be 
called the splanchnic mesoblast in spite of the absence of an intestine. 
The cavity between the two mesoblastic layers forms the body cavity. 

The various parts of the adult continue to differentiate themselves as 
the whole increases in size. The genei'ative masses very early shew traces 
of becoming differentiated into testes or ovaries. In the male the two 
generative masses remain spherical, but in the female become elongated : 
the rudiment of the generative ducts becomes divided into three section.^ 
in both sexes. The most remarkable changes are, however, those undergone 
by the rudiment of the proboscis. 

In its interior there is formed a cavity, but the wall bounding the front 
end of the cavity soon disappears. By the time that this has taken place 
the body of the adult completely fills up the larval skin, to which it very 
soon attaches itself. The hollow rudiment of the proboscis then becomes 
everted, and forms a papilla at the end of the body, immediately ad- 
joining the larval skin. This papilla, with the larval skin covering it, 
constitutes the permanent proboscis. The original larval cuticle is either 
now or at an earlier period thrown off and a fresh cuticle developed. The 
hooks of the proboscis are formed from cells of the above papilla, which 
grow through the larval skin as conical prominences, on the apex of which 
a chitinous hook is modelled. The remainder of the larval skin forms the 
skin of the adult, and at a later period develops in its deeper layer the 
peculiar plexus of vessels so characteristic of the Acanthocephala. The 
anterior oval appendages of the adult cutis, known as the Icmnisci, are 
outgrowths from the larval skin. 

The Echinorhyncus has with the completion of these changes practically 
acquired its adult structure ; but in the female the ovaries undergo at this 
period remarkable changes, in that they break up into a number of spherical 
masses, which lie in the lumen of the generative ligaments, and also make 
their way into the body cavity. 

The young Echinorhyncus requires to be transported to its permanent 
host, which feeds on its larval host, before attaining to sexual maturity. 
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CHAPTER XVII. 


TRACHEATA. 

Prototracheata. 

The remarkable researches of Moseley (No. 396) on Peripatus 



Fig, 167. Adult example of Peripatus capensis, natural size. 

(From Moseley.) 

capensis have brought clearly to light the affinities of this form 
with the tracheate Arthropoda ; and its numerous primitive 
E A 



Fig. 168. Two stages in the development op Peripatus capensis. 
(After Moseley.) 

A. Youngest stage liitlierto observed before the appearance of the legs. 

B. Later stage after the legs and antennai have Irecome developed. 

Both figures represent the larva as it appears within the egg. 

I and «. First and second post-oral appendages. 

characters, such as the generally distributed tracheal apertures, 
the imperfectly segmented limbs, the diverging ventral nerve 
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cords with imperfectly marked ganglia, and the nephridia (seg- 
mental organs^), would render its embryology of peculiar in- 
terest. Unfortunately Moseley was unable, from want of 
material, to make so complete a study of its development as of 
its anatomy. The youngest embryo observed was in part 
distinctly segmented, and coiled up within the egg (fig. 168 A). 
The procephalic lobes resemble those of the Arthropoda gene- 
rally, and are unlike the prae-oral lobe of 
Ch^topods or Discophora. They are not 
marked off by a transverse constriction 
from the succeeding segments. The three 
embryonic layers are differentiated, and 
the interior is filled with a brownish mass 
— the remnant of the yolk — ^which is pro- 
bably enclosed in a distinct intestinal wall, 
and is lobed in correspondence with the 
segmentation of the body. The mouth 
invagination is not present, and but two 
pairs of slight prominences mark the rudi- 
ments of the two anterior post-oral ap- 
pendages. 

The single pair of antennae is formed 
in the next stage, and is followed by the 
remaining post-oral appendages, which 
arise in succession from before backwards 
somewhat later than the segments to which 
they appertain. 

The posterior part of the embryo be- 
comes uncoiled, and the whole embryo 
bent double in the egg (fig. 168 B). 

The mouth appears as a slit-like open- 
ing between and below the procephalic 
lobes. On each side and somewhat behind it there grows out 
an appendage — the first post-oral pair (fig. 169, i) — while in 
front and behind it are formed the upper and lower lips. These 
two appendages next turn inwards towards the mouth, and their 



Fig. 169. Embryo 
OF Peripatus capensis. 
Slightly older than A in 
fig. 168 ; unrolled. (After 
Moseley.) 

a. antenna: ; 0. mouth ; 
i, intestine ; c. procephalic 
lobe. I, 2, 3, etc., post- 
oral appendages. 


^ F. M. Balfoui-, “On certain points in the Anatomy of Peripatus capensis,” 
Qnart. yoiirn- of Afi cron. Science, Vol. xix. 1879, 
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PENSIS AT A LATE STAGE OK DEVELOP- 
MENT. 

/. thickening of cpiblast of proccplia- 
lic lobe to form supra- cesopbageiil gan- 
glion ; M: process from jn'oceplialic lolre 
growing over the first post-oral appen- 
dage ; 0, mouth; c, eye; i and 2, first 
and second pair of post-oral a}ipendagcs. 


bases become gradually closed over by two processes of the 
proccphalic region (fig. 170, m) 


The whole of these structures 
assist in forming a kind of 
secondary mouth cavity, which 
is at a later period further 
completed by the processes of 
the procephalic region meeting 
above the mouth, covering over 
the labrum, and growing back- 
wards to near the origin of the 
second pair of post-oral appen- 
dages. 

The antennae early become 
jointed, and fresh joints con- 
tinue to be added throughout 
embryonic life; in the adult 
there are present fully thirty 
joints. It appears to me probable (though Mr Moseley takes 
the contrary view) from the late development of the paired 
processes of the procephalic lobes, which give rise to the circular 
lip of the adult, that they 
are not true appendages. 

The next pair therefore 
to the antennae is the first 
post-oral pair. It is the 
only pair connected with 
the mouth. At their ex- 
tremities there is formed a 
pair of claws similar to 
those of the ambulatory 
legs (fig. 171}. The next 
and largest pair of appen- 
dages in the embryo are 
the oral papillae. They 
are chiefly remarkable for 
containing the ducts of the slime glands which open at their 
bases. They are without claws. The succeeding appendages 
become eventually imperfectly five-jointed ; two claw.s arc 



Fig. 171. Head of an emkryo Pkrika- 
Tus. (From Moseley.) 

The figure shews the jaws {mandible-s), ami 
close to them epiblastic involutions, which 
grow into the siipra-iesophageal ganglia. Tlie 
antennee, oral cavity, and oral papilke are also 
shewn. 
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formed as cuticular investments of 
skin at the ends of their terminal joints. 


I have been able to make a few observations on the internal structure of 
the embryos from specimens supplied to me by MoseleJ^ These are so far 
confined to a few stages, one slightly earlier, the others slightly later, than 
the embryo represented in fig. i68 B. The epiblast is formed of a layer of 
columnar cells, two deep on the ventral surface, except along the median line 
where there is a well-marked groove and the epiblast is much thinner (fig. 172). 

The ventral cords of the trunk are formed as two independent epiblastic 
thickenings. In my earlier stage these are barely separated from 
epiblast, but in the later ones are quite independent (fig. 172, v.fi), and 
partly surrounded by mesoblast. 

The supra-oesophageal ganglia are formed as thickenings of the epiblast 
of the ventral side of the procephalic lobes in front of the stomodfEum, 
They are shewn at / in fig. 170. The thickenings of the two sides are at 
first infiependent. At a somewhat later period an invagination of the 
epiblast grows into each of these lobes. The openings of these invaginations 
extend from the oral cavity forwards; and they ai'e shewn in fig. 17 if 
Their openings become closed, and the walls of the invaginations constitute 
a large part of the embryonic supra-oesophageal ganglia. 

Similar epiblastic invaginations assist in forming the supra-oesophageal 
ganglia of other Tracheata. 

They are described in the sequel 
for Insects, Spiders and Scor- 
pions. The position of the supra- 
oesophageal ganglia on the ven- 
tral side of the procephalic lobes 
is the same as that in other 
Trachcata. 

The mesoblast is formed, in 
the eai'liest of my embryos, of 
scattered cells in the fairly wide 
space between the inesenteron 
and the epiblast. There are two 
distinct bands of mesoblast on 
the outer sides of the nervous 
cords. In the later stage the 
mesoblast is divided into dis- 
tinct somatic and splanchnic lay- 
ers, both vei-y thin ; but the two 
layers are connected by trans- 
verse strands (fig. 172). There 


Fig. 172. Section through the trunk 
OF AN EMBRYO OF Peripatus. The etiihiyo 
from which the section is taken was somewhat 
younger than fig. 1 71. 

sp. 7 n. splanchnic mesoblast. 

s.m. somatic mesoblast. 

me, median section of body cavity. 

Ic. lateral section of body cavity. 
v.n. ventral nerve cord. 
me, inesenteron. 


^ This figure is taken from Moseley. The epiblastic invaginations are represented 
in it very accurately, and though not mentioned in the text of the paper, Moseley 
informs me that he has long been aware of the homology of these folds with those in 
various other Tracheata. 
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are two special longitudinal septa dividing the body cavity into thiec 
compartments, a median (mc\ containing the mescnteron, and two lateral 
(A-) containing the nerve cords. This division of the body cavity persists, 
as I have elsewhere shewn, in the adult. A similar division is found in 
some Chmtopoda, e.g. Polygordius. 

I failed to make out that the mesoblast was divided into somites, and 
feel fairly confident that it is not so in the stages I have investigated. 

There is a section of the body cavity in the limbs as in embryo Myria- 
pods, Spiders, etc. 

In the procephalic lobe there, is a well-developed section of the body 
cavity, which lies dorsal to and in front of the rudiment of the supra- 
oesophageal ganglia. 

The alimentary tract is formed of a mesenteron (fig. 172), a stomo- 
clteum, and proctodmum. The wall of the mesenteron is formed, in the 
stages investigated by me, of a- single layer of cells with yolk particles, 
and encloses a lumen free from yolk. The forward extension of the 
mesenteron is remarkable. 

The stomodteum in the earlier stage is a simple pit, which meets but does 
not open into the mesenteron. In the later stage the external opening of 
the pit is complicated by the structures already described. The procto- 
dmum is a moderately deep pit near the hinder end of the body. 

The existence of a tracheal system^ is in itself almost sufficient to 
demonstrate the affinities of Peidpatus with the Tracheata, in spite of the 
presence of nephridia. The embryological characters of the procephalic 
lobes, of the limbs and claws, place however this conclusion beyond 
the reach of scepticism. If the reader will compare the figure of Peripatus 
with that of an embryo Scorpion (fig. 196 A) or Spider (fig. 200 C) or better 
still with MetschnikofPs figure of Geophilus (No. 399) PI. XX r. fig. n, he 
will be satisfied on this point. 

The homologies of the anterior appcndagc.s are not very easy 
to determine ; but since there does not appear to me to be suffi- 
cient evidence to shew that any of the anterior appendages liavc 
become aborted, the first post-oral appendages embedded in the 
lips may provisionally be regarded as equivalent to the mandibles, 
and the oral papilke to the finst pair of maxillm, etc. Moseley is 
somewhat doubtful about the homologies of the appendages, 
and hesitates between considering the oral papillm as equivalent 
to the second pair of maxillae (on account of their containing the 
openings of the mucous glands, which he compares with the 
spinning glands of caterpillars), or to the poi.son claws (fouj-th 

The specimens shewing trachem which Moseley has placed in my hands are 
quite sufficient to leave no doubt whatever in my mind as to the general accuracy <if 
his description of the tracheal system. 
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post-oral appendages) of the Chilopoda (on account of the 
poison-glands which he thinks may be homologous with the 
mucous glands). 

The arguments for either of these views do not appear to me con- 
clusive. There are glands opening into various anterior appendages in 
the Tracheata, such as the poison glands in the Chelicerm (mandibles) of 
Spiders, and there is some evidence in Insects for the existence of a gland 
belonging to the first pair of maxillce, which might be compared with the 
mucous gland of Peripatus. For reasons already stated I do not regard 
the pi-ocesses of the cephalic lobes, which form the lips, as a pair of true 
appendages. 
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Myriapoda'. 

Chilogrtatha. The first stages in the development of the 
Chilognatha have been investigated by Metschnikofif and Stecker, 
but their accounts are so contradictory as hardly to admit of 
reconciliation. 

According to Metschnikoff, by whom the following four 
species have been investigated, viz., Strongylosoma Guerinii, 
Polydesmus complanatus, Polyxenus laguru.s, and Julus Mone- 
letei, the segmentation is at. fir.st regular and complete, but, 
when the segments are still fairly large, the regular segmentation 
is supplemented by the appearance of a number of small cells at 
various points on the surface, which in time give rise to a 
continuous blastoderm. 

The blastoderm becomes thickened on the ventral surface, 
and so forms a ventral plated 

^ The classification of the Myriapoda employed in the present section is 
I. Chilognatha. (Millipedes.) 

II. Chilopoda. (Centipedes.) 

^ Stecker’s (No. 400) observations were made on the eggs of Julus fasciatus, Julus 
foetidus, Craspedosoma marmoratum, Polydesmus complanatus, and Strongylosoma 
pallipes, and though carried on by means of sections, still leave some points very 
obscure, and do not appear to me deserving of much confidence. The two species of 
Julus and Craspedosoma undergo, according to Steckei', a nearly identical develop- 
ment. The egg before segmentation is constituted of two substances, a central proto- 
plasmic, and a peripheral deutoplastic. It first divides into two equal segments, and 
coincidentally with their formation part of the central protoplasm travels to the 

25—2 



Fig. 173. Three stages in the eevelotment of Strongyeosoma Gt’erinii. 
(After Metschnikoff.) . 


A. Enibryo on eleventh day with commencing ventral flexure (u ). 

B. Embryo with three pairs of i)osl-oral appendages. 

C. Embryo with five pairs of po.st-oral appendages. 

gs. ventral plate; at. antenneo; 1--5 post-oral appendages; .v. point of flexure of 
the ventral plate. 

surface as two clear fluid segments. The ovum is thus composed of two yolk segments 
to two protoplasmic segments. The two former next divide into fltur, with the pro- 
duction of two fresh protoplasmic segments. The four pv<ttoplusmic segments mnv 
constitute the upper or animal pole of the egg, and occupy the position of tlie future 
ventral plate. The yolk segments form the lower pole, which is however dorsal in 
relation to the future animal. Tlie protoplasmic segments increase in luimlier by a 
regular division, and arrange themselves in three rows, of which the two turtennosl 
rapidly grow over the yolk .segments, A large segmentation cavity is stated to be 
present in the interior of the ovum. 

It would appear from Stocker’s dc.scriiition lliat tlie yolk .segments (hypoblast) 
next become regularly invaginated, so as to enclose a gastric cavity, opening exlernally 
by a blastopore; but it is difficult to believe that a typical gastrula, such as tliat 
represented t)y Stecker, really comes into the cycle of development of the tdiilo- 
gnatba. 

The mesoblast is stated to be derived mainly from the epiblast. This layer in the 
region of the future ventral plate becomes reduced to two rows of cells, and tlic inner 
of these by the division of its constituent elements gives rise to the mesoblasl. The 
development of Polydesmus and Strongylosoma is not very different from that of Julus. 
The protoplasm at the upper pole occupies from the first a superficial position. 
Segmentation commences at the lower pole, where the food yolk is mainly [u-osent ! 
The gastrula is stated to be similar to that of Julus. The mesoblast is formed in 
Polydesmus as a layer of cells split off from the epiblast, but iu .Strongylosoma as an 
outgrowth from the lips of the blastopore. Stecker, in spite of the statements in hi.s 
pairer as to the origin of the mesoblast from the epiblast, sums up at the end to the 
effect that both the primary layers have a share in the formation of the mesoblast, 
which originates by a process of endogenous cell-division ! 

It may be noted that the closure of the blastopore takes place, according to 
Stecker, on the dorsal side of the embryo, 
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The most important sources of information for the general 
embryology of the Chilognatha are the papers of Newport (No. 
397 ) and Metschnikoff (No. 398 ). The development of Strongy- 
losoma may be taken as fairly typical for the group ; and the 
subsequent statements, unless the reverse is stated, apply to the 
species of Strongylosoma investigated by Metschnikoff. 

After the segmentation and formation of the layers the first 
observable structure is a transverse furrow in the thickening of 
the epiblast on the ventral surface of the embryo. This furrow 
rapidly deepens, and gives rise to a ventral flexure of the embryo 
(fig. 173 A, x), which is much later in making its appearance in 
Julus than in Strongylosoma and Polyxenus. A pair of ap- 
pendages, which become the antennae, makes its appearance 
shortly after the formation of the transverse furrow, and there 
soon follow in order the next three pairs of appendages. All 
these parts are formed in the infolded portion of the ventral 
thickening of the blastoderm (fig. 173 B). The ventral thicken- 
ing has in the meantime become marked by a longitudinal 
furrow, but whether this is connected with the formation of 
the nervous system, or is equivalent to the mesoblastic furrow in 
Insects, and connected with the formation of the mesoblast, has 
not been made out. Shortly after the appearance of the three 
pairs of appendages behind the antennae two further pairs become 
added, and at the same time oral and anal invaginations become 
formed (fig. 173 C). In front of the oral opening an unpaired 
upper lip is developed. The prae-oral part of the ventral plate 
develops into the bilobed procephalic lobes, the epiblast of 
which is mainly employed in the formation of the supra-oesopha- 
geal ganglia. The next important change which takes place is 
the segmentation of the body of the embryo (fig. 174 A), the 
most essential feature in which is the division of the mesoblast 
into somites. Segments are formed in order from before back- 
wards, and soon extend to the region behind the appendages. 
On the appearance of segmentation the appendages commence 
to assume their permanent form. The two anterior pairs of 
post-oral appendages become jaws ; and the part of the embryo 
which carries them and the antennae is marked off from the 
trunk as the head. The three following pairs of appendages 
grow in length and assume a form suited for locomotion. Behind 
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the three existing pairs of limbs there arc developed three fresh 
pairs, of zvJiicJi the two anterior belong to a single priniitivc seg- 
ment. While the above changes take place in the ap])en(lag-es 
the embryo undergoes an eedysis, which gives rise to a cutieiilur 
membrane within the single egg-membrane (chorion, J\Ietschni- 
koff). On this cuticle a tooth-like process is developetl, the 
function of which is to assist in the hatching of the embryo 
(fig. 174 A). 

In Polyxenus a cuticular membrane is present as in Strongylosoma, 
but it is not provided with a tooth-like process. In the same form amteboid 
cells separate themselves from the blastoderm at an early period. These 
cells have been compared to the embryonic envelopes of Insects described 
below. 

In Julus two cuticular membranes are present at the time of hatching ; 
the inner one is very strongly developed and encloses the embryo after 
hatching. After leaving the chorion the embryo Julus remains eoniiectcd 
with it by a structureless membrane which is probably the outer of the two 
cuticular membranes. 

At the time when the embryo of Strongylo.soma i.s luilched 
(fig. 174 B) nine po-st-cephalic segment.s appctir to be prc.sent. 



fio. 174. l\vo .STAGES IN THE IJEVEI.OI'MENT OK StKONGYI.i tS( iMA (h'KKIiNn. 
{After Metschnikoff.) 

A. A seventeen days’ embryo, already segmented. 

B. A just-hatched larva. 

Of these segments the second is apparently (from Metschnikoff 's 
igure, 174 B) without a pair of appendages; the third and 
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fourth are each provided with a single functional pair of limbs ; 
the fifth segment is provided with two pairs of rudimentary 
limbs, which are involuted in a single sack and not visible with- 
out preparation, and therefore not shewn in the figure. The 
sixth segment is provided with but a single pair of appendages, 
though a second pair is subsequently developed on it\ 

Julus, at the time it leaves the chorion, is imperfectly segmented, but is 
provided with antennae, mandibles, and maxillae, and seven pairs of limbs, 
of which the first three are much more developed than the remainder. 
Segmentation soon makes its appearance, and the head becomes distinct 
from the trunk, and on each of the three anterior trunk segments a single 
pair of limbs is very conspicuous (Metschnikoff)®. Each of the succeeding 
segments bears eventually two pairs of appendages. At the time when 
the inner embryonic cuticle is cast off, the larva appears to be hexapodous, 
like the young Strongylosoma, but there are in reality four pairs of rudi- 
mentary appendages behind the three functional pairs. The latter only 
appear on the surface after the first post-embryonic ecdysis. Pauropus 
(Lubbock) is hexapodous in a young stage. At the next moult two pairs 
of appendages are added, and subsequently one pair at each moult. 

There appear to be eight post-oral segments in Julus at the 
time of hatching. According to Newport fresh segments are 
added in post-embryonic life by successive budding from a 
blastema between the penultimate segment and that in front of 
it. They arise in batches of six at the successive eedyses, till 
the full number is completed. A functional, though not a real 
hexapodous condition, appears to be characteristic of Chilognatha 
generally at the time of hatching. 

The most interesting anatomical feature of the Chilognatha 
is the double character of their segments, the feet (except the 
first three or four, or more), the circulatory, the respiratory, and 
the nervous sy.stems shewing this peculiarity. Newport’s and 

1 Though the superficially hexapodous larva of Strongylosoma and other Chilo- 
gnatha has a striking resemblance to some larval Insects, no real comparison is pos- 
sible between them, even on the assumption that the three functional appendages of 
both are homologous, because Embryology clearly proves that the hexapodous Insect 
type has originated from an ancestor with numerous apjrendages by the atrophy of 
those appendages, and not from an hexapodous larval form prior to the development 
of the full number of adult appendages. 

^ N evvport states however that a pair of limbs is present on the first, second, and 
fourth post-oral segments, but that the third segment is apoclous ; and this is un- 
doubtedly the case in the adult. 
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Metschnikoff’s observations have not thrown as much light on 
the nature of the double segments as might have been hoped, 
but it appears probable that they have not originated Irom a 
fusion of two primitively distinct segments, but from a later 
imperfect division of each of the primitive segments into two, 
and the supply to each of the divisions of a primitive segment of 
a complete set of organs. 

Chiiopoda, Up to the present time the development of only 
one type of Chiiopoda, viz, that of Geophilus, has been worked 
out. Most forms lay their eggs, but Scolopendra is viviparous. 



Fig. 175. Two stages in the r)EVEi.ui'MENT ok Gkoi’iui.u.s. 

(After Metsclinikoff.) 

A. Side-view of embryo at the stage when the segments arc lieginning to be formed. 

B. Later stage after the appendages have become established. 

at. antennm; an.i, proctodmum. 

The segmentation appears to resemble that in the Chilognatha, 
and at its close there is present a blastoderm surrounding a 
central mass of yolk celks. A ventral thickening of the blasto- 
derm is soon formed. It becomes divided into numerous seg- 
ments, which continue to be formed successively from the 
posterior unsegmented part. The antennm arc the first append- 
ages to appear, and are well developed when eighteen segments 
have become visible (fig. 175 A). The post-oral appendages 
are formed slightly later, and in order from before backwards. 
As the embryo grows in length, and fresh segments continue t<i 
be formed, the posterior part of it becomes bent over so as to 
face the ventral surface of the anterior, and it acijuires an 
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appearance something like that of many embryo Crustaceans 
(fig. 175 B). Between forty and fifty segments are formed while 
the embryo is still in the egg. The appendages long remain 
imjointed. The fourth post-oral appendage, which becomes the 
poison-claw, is early marked out by its greater size : on the 
third post-oral there is formed a temporary spine to open the 
egg membrane. 

It does not appear, from MetschnikofFs figures of Geophilus, that any 
of the anterior segments are without appendages, and it is very probable 
that N ewport is mistaken in supposing that the embryo has a segment with- 
out appendages behind that with the poison claws, which coalesces with the 
segment of the latter. It also appears to me rather doubtful whether the 
third pair of post-oral appendages, i.e. those in front of the poison-claws, can 
fairly be considered as forming part of the basilar plate. The basilar plate 
is really the segment of the poison-claws, and may fuse more or less com- 
pletely with the segment in front and behind it, and the latter is sometimes 
without a pair of appendages (Lithobius, Scutigera). 

Geophilus, at the time of birth, has a rounded form like that 
of the Chilogiiatha. 

The young of Lithobius is born with only six pairs of limbs. 

General observation on the homologies of the appendages of 
Myriapoda. 

The chief difficulty in this connection is the homology of the third pair of 
post-oral appendages. 

In adult Chilognatha there is present behind the mandibles a four-lobed 
plate, which is usually regarded as representing two pairs of appendages, 
viz. the first and second pairs of maxiihe of Insects. Metschnikoff's ob- 
servations seem however to shew that this plate represents but a single 
pair of appendages, which clearly corresponds with the first pair of maxiihe 
ii\ Insects. The pair of appendages behind this plate is ambulatory, but 
turned towards the head ; it is in the embryo the foremost of the three 
functional pairs of legs with which the larva is born. Is it equivalent to 
the second pair of maxillm of Insects or to the first pair of limbs of Insects? 
In favour of the former view is the fact (i) that in embryo Insects the 
second pair of maxiihe sometimes I'esembles the limbs rather than the 
jaws, so that it might be supposed that in Chilognatha a primitive 
ambulatory condition of the third pair of appendages has been retained ; 
(2) that the disappearance of a pair of appendages would have to be 
postulated if the second alternative is adopted, and that if Insects are 
descended from forms related to the Myriapods it is surprising to find a 
pair of appendages always present in the former, absent in the latter. 
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The arguments which can be urged for the opposite view do not appear 
to me to have much weight, so that the homology of the appendages in 
question with the second pair of maxillae may be provisionally assumed. 

The third pair of post-oral appendages of the Chilopoda may probably 
also be assumed to be equivalent to the second pair of maxilhe, though they 
are limb-like and not connected with the head. The subjoined table shews 
the probable homologies of the appendages. 



Chi LOGNATH A. (Stvongylo- 
soma at time of birth). 

CilILOroDA (Scolopendra 
adult). 

Pre-oral region. 

Antennae. 

Antennre, 

1st Post-oral segment. 

Mandibles. 

Mandibles, 

2 nd „ ,, 

Maxillm i. (Foiir-lobed 
plate in adult, but a sim- 
ple pair of appendages 
in embryo). 

Maxilke i . 

(Palp and bilol)ed median 
process). 

3rd „ „ 

(prol)ably equivalent to 
segment bearing 2nd pair 
of maxillm in Insects). 

I St pair of amlnilatory 
limbs. 

Limb-like appendages with 
Irasal parts in eontacl. 

4th )) ,, 

(?) A]rod(.mH. 

Poison claws. 

5 tk „ „ 

2nd pair of ambulatory 
limbs. 

1st jiair of ambulatory 
limbs. 

( 5 th ,, ,, 

.3rd . 

2nd ,, ,, ,, 

7 th „ 

4th and 5th „ „ 

(rudimentary. ) 

3rd 5, ,, ,, 

8th „ 

( 5 th 

(the 7lh pair is developed 
' in this segment later). 

4th „ ,, ,, 

9th ,, ,, 

Apodous, 

3 th 

loth ,, ,, 

„ (last segment in 

embryo). 

6th „ „ 


The germinal layers and formation of organs. 

The development of the organs of the Myriapoda, and the origin of the 
■germinal layers, are very imperfectly known: Myriapoda appear however 
to be closely similar to Insects in this part of their development, and the 
general question of the layers will be treated more fully in connection with 
that group. 

The greater part of the blastoderm gives rise to the epiblast, which 
furnishes the skin, nervous system, tracheal system, and the stomod;.cum 
and proctodmum. 
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The mesoblast arises in connection with the ventral thickening of the 
blastoderm, but the details of its formation are not known. Metschnikoff 
describes a longitudinal furrow which appears veiy early in Strongylosoma, 
which is perhaps equivalent to the mesoblastic furrows of Insects, and so 
connected with the formation of the mesoblast. 

The mesoblast is divided up into a series of protovertebra-like bodies — 
the mesoblastic somites — the cavities of which become the body cavity and 
the walls the muscles and probably the heart. They are (Metschnikoff) 
prolonged into the legs, though the prolongations become subsequently 
segmented off from the main masses. The splanchnic mesoblast is, 
according to Metschnikoff, formed independently of the somites, but this 
point requires further observation. 

The origin of the hypoblast remains uncertain, but it appears probable 
that it originates, in a large measure at least, from the yolk segments. In 
the Chilognatha the mesenteron is formed in the interior of the yolk seg- 
ments, so that those yolk segments which are not employed in the formation 
of the alimentary canal lie freely in the body cavity. In the relation of 
the yolk segments to the alimentary canal the Chilopoda present a strong 
contrast to the Chilognatha, in that the greater part of the yolk lies 
within their mesenteron. The mesenteron is at first a closed sack, but is 
eventually placed in communication with the stomod®um and the procto- 
dmum. The Malpighian bodies arise as outgrowths from the blind ex- 
tremity of the latter. 
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INSECTA*. 


The formation of the embryonic layers in Insects has not 
been followed out in detail in a large number of types ; but, as 

* The following classification of the Insecta is employed in this chapter. 

^ . . ((i) Collembola. 

I. Aptera. j,,, Tl.„a„ura. 

! {i) Orthoptera genuina {Blatta, Loaisla, etc.). 

(2) „ pseudoneuroptera {Termes, Ephemera, 

Libt'lhda). 

{ (i) liemiptera heteroptera (^Cimex, Notonecta, etc.). 

HI. Hemiptera. ] (2) „ homoptera {Aphis, Cicada, etc.). 

( (3) ,, parasita [rediculus, etc.). 
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in so many other instances, some of the most complete histories 
we have are due to Kowalevsky (No. 416 ). The development 



Fio. 176. Four embryos ov Hyoropuuats piceos viewed from the 

VENTRAL SURFACE. (After Kowalevsky.) 

The upper end is the anterior, germinal groove; aw. amnion. 


of Hydrophilus has been worked out by him more fully than 
that of any other form, and will serve as a type for comparison 
with other forms. 

The segmentation has not been studied, but no doubt belongs 
to the centrolecithal type {vide pp, no — 120). At its close 
there is an uniform layer of cells enclosing a central mass of 
yolk. These cells, in the earliest observed stage, were flat on 
the dorsal, but columnar on part of the ventral surface of the 
egg, where they form a thickening which will be called the ven- 
tral plate. At the posterior part of the Y’-entral plate two folds, 
with a furrow between them, make their appearance. They form 
a structure which may be spoken of as the germinal groove (fig. 



r(9 

Diptera gemiiiia {Musea., Tipnla, etc.). 

IV. 

Diptera. . (2) 

,, aplianiptcra {Pukx, etc.). 


({.?) 

,, puiripara {Braula^ etc.). 

V. 

jNeuroptera, • 

)(i) Neuroptera plauipennia etc.). 

1 {2) ,, trichoptei-a {Phryganea, etc.). 

VI. 

Coleoptera. 


VII. 

Lepidoptera, 

r (i) Hymeiioptera aculeata (Af/fj, etc.). 

vrii. 

Hymenoptera. 

1 (2) M entomophaga {Ichneumon, Phtiy 

1 faster, etc). 

i(,l) u phytophaga (Z£>«//»wf<?,.SzVru',c(c.), 


phytophaga ( Tenihredo, Sirex, c( c.). 
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Fig. 177. Two transverse sections through 
EMBRYOS OF Hvdrothilus piceU-s. (After Kowa- 
levsky.) 

A. Section through an embryo of the stage repre- 
sented in fig. 176 B, at the point whei-e the two 
germinal folds most approximate. 

B. Section through an embryo somewhat later 
than the stage fig. 176 D, through the anterior region 
where the amnion has not completely closed over the 
embryo. 


176 A, The cells 
which form the floor 
of the groove are far 
more columnar than 
those of other parts 
of the blastoderm (fig. 

177 A). The two 
folds on each side of 
it gradually approach 
each other. They do 
so at first behind, and 
then in the middle; 
from the latter point 
the approximation 
gradually extends 
backwards and for- 
wards (fig. 176 B and 
C). In the middle 
and hinder parts of 
the ventral plate the 
groove beconie.s, by 
the coalescence of the folds, converted into a canal (fig. 178 A, 

the central cavity of which soon disappears, while at the 
.same time the cells of the \vall undergo division, become more 
rounded, and form a definite layer (me ) — the mesoblast — beneath 
the columnar cells of the surface. Anteriorly the process is 
slightly different, though it leads to the similar formation of 
me.soblast (fig. 177 B), The flat floor of the groove becomes in 
front bodily converted into the mesoblast, but the groove itself 
is never converted into a canal. The two folds simply meet 
above, and form a continuous superficial layer. 

During the later stages of the process last described remark- 
able structures, eminently characteristic of the Insecta, have 
made their first appearance. These structures are certain 
embryonic membranes or coverings, which present in their mode 
of formation and arrangement a startling similarity to the true 
and false amnion of the Vertebrata. They appear as a double 
fold of the blastoderm round the edge of the germinal area, 
which spreads over the ventral plate, from behind forwards, in a 


germinal groove ; 
nion ; yolk. 


mesoblast ; am. 
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general way in the same 
manner as the amnion in, 
for instance, the chick. 

The folds at their origin 
are shewn in surface view 
in fig, 176 D, am, and in 
section in fig. 177 B, am. 

The folds eventually 
meet, coalesce (fig. 178, 
aifi) and give rise to two 
membranes covering the 
ventral plate, viz. an 
inner one, which is con- 
tinuous with the edge of 
the ventral plate; and 
an outer, continuous with 
the remainder of the 
blastoderm. The verte- 
brate nomenclature may 
be conveniently employ- plate beneath the epiblast. 
ed for these membranes. germinal groove ; am. amnion; yh yolk; 

The inner limb of the 

fold will therefore be spoken of as the amnion, and the outer 
one, including the dorsal part of the blastoderm, as the 
serous envelope\ A slight consideration of the mode of 
formation of the membranes, or an inspection of the figures 
illustrating their formation, makes it at once clear that the yolk 
can pass in freely between the amnion and serous envelope {%nde 
fig. 1 81). At the hind end of the embryo this actually takes 
place, so that the ventral plate covered by the amnion appears to 
become completely imbedded in the yolk ; elsewhere the two 
membranes are in contact. At first (fig. 176) the ventral plate 
occupies but a small portion of the ventral surface of the egg, but 
during the changes above described it extends over the whole 
ventral surface, and even slightly on the dorsal surface both in 
front and behind. It becomes at the same time (fig. 179) divided 

^ I he reverse nomenclature to tliLs is rather inconveniently cmployofl l)y Mctsch- 
nikoff. 



Fig. 178. Sections THROUGH TWO EM liRYOs 
OF Hydrophilus I’ICEUS. (After Kowalevaky.) 

A. Section through the posterior part of the 
embryo fig. 176 D, shewing the completely closed 
amnion and the germinal groove. 

B. Section through an older embryo in which 
the mesoblnst has Prown nut info ,1 continuoiiK 
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by a scries of transverse lines into segments, which increase in 
number and finally amount in all to seven- 
teen, not including the most anterior section, 
which gives oft' as lateral outgrowths the 
two procephalic lobes (pcJ). The changes 
so far described are included within what 
Kowalevsky calls his first embryonic period; 
at its close the parts contained within the 
chorion have the arrangement shewn in fig. 

178 B. The whole of the body of the 
embryo is formed from the ventral plate, 

' and no part from the amnion or serous 
envelope. 

The general history of the succeeding 
stages may be briefly told. 

The appendages appear as very small 
rudiments at the close of the last stage, but 
soon become much more prominent (fig. 

180 A). They are formed as outgrowths of both layers, and 


\ T' 


Fig. 179. Embryo OF 
HVDROrHlLUS nCEUS 
VIEWED FROM THE VEN- 
TRAE .SURFACE. (After 
Kowalevsky.) 

jfteJ. procephalic lobe. 


arise nearly simultaneously. There 
are in all eight pairs of appendages. 
The anterior or antennae {at) spring 
from the procephalic lobes, and 
the succeeding appendages from 
the segments following. The last 
pair of embryonic appendages, 
which disappears very early, is 
formed behind the third pair of 
the future thoracic limbs. Paired 
epiblastic involutions, shewn as pits 
in the posterior segments in fig. 
180 A, give rise to the tracheae; 
and the nervous system is formed 
as two lateral epiblastic thicken- 
ings, one on each side of the mid- 
ventral line. These eventually be- 
come split off from the skin ; while 
between them there passes in a 
median invagination of the skin 



Fig. 180. Two stages in the 

DEVELOPMENT OF HyDROPHILUS 
PICEUS, (From Gegenbaur, after 
Kowalevsky.) 

/j. labrmn; af. antenna; md. 
mandible ; rnx. maxilla I. ; li. max- 
illa II. ; p' p" feet ; a, anus. 
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(fig. 189 C). The two nervous strands are continuous in front 
with, the supra-cesophageal ganglia, which arc formed ol the 
epiblast of the procephalic lobes. These plate.s gradually grow 
round the dorsal side of the embryo, and there is formed 
immediately behind them an oral invagination, in front of which 
there appears an upper lip (fig. iSOj Is). A proctodmum i.s formed 
at the hind end of the body slightly later than the stomodmum. 
The mesoblast cells become divided into two bands, one on 
each side of the middle line (fig. 189 A), and split into 
splanchnic and somatic layers. The central yolk mass at about 
the .stage represented in fig. 179 begins to break up into 
yolk spheres. The hypoblast is formed first on the ventral 
side at the junction of the mesoblast and the yolk, and 
gradually extends and forms a complete sack-like mesenteron, 
enveloping the yolk (fig. 185 al). The amnion and serous 
membrane retain their primitive constitution for some time, but 
gradually become thinner on the ventral surface, whei'e a rupture 
appears eventually to take place. The greater part of them 
disappears, but in the closure of the dorsal parietes the serous 
envelope plays a peculiar part, which is not yet understood. It 
is described on p. 404. The heart is formed from the- mesoblas- 
tic layers, where they meet in the middle dorsal line (fig. 185 C, 
/it). The somatic mesoblast gives rise to the muscles and 
connective tissue, and the splanchnic mesoblast to the muscular 
part of the wall of the alimentary tract, which accompanies the 
hypoblast in its growth round the yolk. The proctodmiim 
forms the rectum and Malpighian bodies ^ and the stomodmum 
the oesophagus and proventriculus. The two epiblastic sections 
of the alimentary tract are eventually placed in communication 
with the mesenteron. 

The development of Hydrophilus is a fair type of that of 
Insects generall39 but it is necessary to follow with somewhat 
greater detail the comparative histoxy of the various parts which 
have been briefly described for this type. 

T/ie emh'yonic membranes and the formation of the layers. 

All Insects have at the close of segmentation a blastoderm 
formed of a single row of cells enclosing a central yolk mass, 
A 1 liis 1ms not been shewn in the case of Hydrophilus. 
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which usually contains nuclei, and in the Poduridae is divided up 
in the ordinary segmentation into distinct yolk cells. The first 
definite structure formed is a thickening of the blastoderm, 
which forms a ventral plate. 

The ventral plate is very differently situated in relation to the yolk in 
different types. In most Diptera, Hymenoptera and (?) Neuroptera (Phry- 
ganea) it forms from the first a thickening extending over nearly the 
whole ventral surface of the ovum, and in many cases extends in its sub- 
sequent growth not only over the whole ventral surface, but over a con- 
siderable part of the apparent dorsal surface as well (Chironomus, Simulia, 
Giyllotalpa, etc.). In Coleoptera, so far as is known, it commences as a less 
extended thickening either of the central part (Donacia) or posterior part 
(Hydrophilus) of the ventral surface, and gradually grows in both directions, 
passing over to the dorsal surface behind. 

Embryonic membranes. In the majority of Insects there 
are developed enveloping membranes like those of Hydrophilus. 

The typical mode of formation of these membranes is repre- 
sented diagrammatically in fig. 18 1 A and B. A fold of the 
blastoderm arises round the edge of the ventral plate. This 
fold, like the ara- 
niotic fold of the 
higher Vertebrata, 
is formed of two 
limbs, an outer, 
the serous mem- 
brane {se), and an 
inner, the true am- 
nion {am). Both 
limbs extend so 
as to cover over 
the ventral plate, 
and finally meet 
and coalesce, so 
thatadoublemem- 
brane is present 
over the ventral 
plate. At the same 
time (fig. 1 81 B) 
the point where the 
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Fig. i8i. Diagrammatic longitudinal sections 
OF an Insect embryo at two stages to shew the 

DEVELOPMENT OF THE EMBRYONIC ENVELOPES. 

In A the amniotic folds have not quite met so as to 
cover the ventral plate. The yolk is represented as divided 
into yolk cells. In B the sides of the ventral plate have 
extended so as nearly to complete the dorsal integument. 
The mesenteron is represented as a closed sack filled with 
yolk cells, mi. amnion; se. serous envelope; o.y. ven- 
tral plate; <?.z. dorsal integument; me. mesenteron; st. 
stomodasum ; L proctodEeum. 

fold originates is carried dorsalwards by the 


B. II. 
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dorsal extension of the edges of the ventral plate, which give 
rise to the dorsal integument {d.i). This process continues 
till the whole dorsal surface is covered by the integument 
The amnion then separates from the dorsal integument, and the 
embryo becomes enveloped in two membranes— an inner, the 
amnion, and an outer, the serous membrane. In fig. iSi B the 
embryo is represented at the stage immediately preceding the 
closure of the dorsal surface. 

By the time that these changes are effected, the serous 
membrane and amnion are both very thin and not easily 
separable. The amnion appears to be usually absorbed before 
hatching; but in hatching both membranes, if present, are either 
absorbed, or else ruptured and thrown off. 

The above mode of development of the embryonic membranes has been 
especially established by the researches of Kowalevsky (No. 416 ) and Graber 
(No. 412 ) for various Hymenoptera (A^zs), Diptera \chironomus), Lepido- 
ptera and Coleoptera {Meloloutha, Lina). 

Considerable variations in the development of the enveloping membranes 
are known. 

When the fold which gives rise to the membranes is first formed, there 
is, as is obvious in fig. i8i A, a perfectly free passage by which the yolk can 
pass in between the amnion and serous membrane. Such a passage of the 
yolk between the two membranes takes place posteriorly in Hydrophilus and 
Donacia: in Lepidoptera the yolk passes in everywhere, so that in this form 
the ventral plate becomes first of all imbedded in the yolk, and finally, on the 
completion of the dorsal integument, the embryo is enclosed in a complete 
envelope of yolk contained between the amnion and the serous membrane. 
During the formation of the dorsal integument the external yolk sack com- 
municates by a dorsally situated umbilical canal with the yolk cavity within 
the body. On the rupture of the amnion the embryo is nourished at the 
expense of the yolk contained in the external yolk sack. 

In the Hemiptera and the Libellulidte the ventral plate also becomes 
imbedded in the yolk, but in a somewhat different fashion to the Lepido- 
ptera, which more resembles on an exaggerated scale what takes place in 
Hydrophilus, 

In the Libellulidee iCalopteryx) there is first of all formed (Brandt, No. 
4O3) a small ventral and posterior thickening of the blastoderm (fig. 182 A). 
The hinder part of this becomes infolded into the yolk as a projection (fig. 
182 B), which consists of two laminse, an anterior and a posterior, continuous 
at the apex of the invagination. The whole structure, which is completely 
imbedded within the yolk, rapidly grows in length, and turns towards 
the front end of the egg (fig, 182 C). Its anterior lamina remains thick and 
gives rise to the ventral plate (/j), the posterior {aizi) on the other hand 
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becomes very thin, and 
forms a covering corre- 
sponding with the amnion 
of the more ordinaiy types. 

The remainder of the blas- 
toderm covering the yolk 
(se) forms the homologue 
of the serous membrane 
of other types. The ven- 
tral surface of the ventral 
plate is turned towards 
the dorsal side (retaining 
the same nomenclature as 
in ordinary cases) of the 
egg, and the cephalic 
extremity is situated at 
the point of origin of the 
iirfolding. 

The further history is 
however somewhat pecu- 
liar. The amnion is at first 
(fig. 182 C) continuous with 
the serous envelope on the 
posterior side only, so that 
the serous envelope does 
not form a continuous sack, 
but has an opening close 
to the head of the embryo. 

In the Hemiptera parasita this opening (Melnikow, No. 422 ) remains per- 
manent, and the embryo, after it has reached a certain stage of development, 
becomes everted through it, while the yolk, enclosed in the continuous mem- 
brane formed by the amnion and serous envelope, forms a yolk sack on the 
dorsal surface. In the LibeUulidae however and most Hemiptera, a fusion of 
the two limbs of the serous membrane takes place in the usual way, so as to 
convert it into a completely closed sack (fig. 183 A). After the formation of 
the appendages a fusion takes place between the amnion and serous enve- 
lope over a small area close to the head of the embryo. In the middle of 
this area a rupture is then effected, and the head of the embryo followed by 
the body is gradually pushed through the opening (fig, 183 B and C). The 
embryo becomes in the process completely rotated, and carried into a 
position in the egg-shell identical with that of the embryos of other orders of 
Insects (fig. 183 C). 

Owing to the rupture of the embryonic envelopes taking place at the 
point where they are fused into one, the yolk does not escape in the above 
process, but is carried into a kind of yolk sack, on the dorsal surface of the 
embryo, formed of the remains of the amnion and serous envelope. The 

26—3 


Fig. 182. Three stages in the devrloPiMENt 
OF THE EMBRYO OF Caeopteryx. (After Brandt.) 
The embryo is represented in the egg-shell. 

A. Embryo with ventral plate, 

B. Commencing involution of ventral plate. 

C. Involution of ventnal plate completed. 

ps. ventral plate; p. edge of ventral plate; api, 
amnion ; se. serous envelope. 
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walls of the yolk sack either 
assist in forming the dorsal 
parietes of the body, or are 
more probably enclosed 
within the body by the 
growth of the dorsal pari- 
etes from the edge of the 
ventral plate. 

In Hydrophilus and 
apparently in the Phry- 
ganidae also, there are cer- 
tain remarkable peculiari- 
ties in the closure of the 
dorsal surface. The fullest 
observations on the subject 
have been made by Kowa- 
levsky (No. 416), but Dohrn 
(No. 408) has with some 
probability thrown doubts 
on Kowalevsky’s interpreta- 
tions. According to Dohrn 



OF Cai,oi‘tkryx. (After Branch.) 


the part of the serous enve- 
lope which covers the dor- 
sal surface becomes thick- 
ened, and gives rise to a 
peculiar dorsal plate which 


The embryo is represented in the egg-shell; B. 
.and C. shew the inversion of the eiulrryo. 

se. serous envelope ; am. amnion ; ab. abdomen ; 
V. anterior end of head; «i?. antennie; mxi. mandible; 
mx^, maxilla i ; mx^. maxilla 2 ; three pairs 

of legs ; oe. oesophagus. 


is shewn in surface view in fig. 184 A, do, and in section in fig. 1 85 A, do. The 


ventral parts of the amnion 
and serous membrane have 
either been ruptured or 
have disappeared. While 
the dorsal plate is being 
formed, the mesoblast, and 
somewhat later the lateral 
parts of the epiblast of the 
ventral plate gradually 
grow towards the dorsal 
side and enclose the dorsal 
plate, the wall of which in 
the process appears to be 
folded over so as first of 




all to form a groove and 
finally a canal. The stages 
in this growth are shewn 
from the surface in fig. 184 
B and C and in section in 


Fig. 184. Three larval stages of Hyuro- 

PHILUS FROM THE DORSAL SIDE, SHEWING THE 
GRADUAL CLOSING IN OF THE DORSAL REGION WITH 
THE FORMATION OF THE PECULIAR DORSAL ORGAN 

c/o. (After Kowalevsky.) 

do. dorsal organ; aA antenna;. 
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.fig. 185 B, do. The canal is buried on the dorsal part of the yolk, but for 
some time remains open by a round aperture in front (fig. 184 C). The 
whole structure is known as the dorsal canal. It appears to atrophy without 
leaving a trace. The heart when formed lies immediately dorsal to ith 


Fig. 185. TiiiiEE transverse sections through advanced 
EMBRYOS OF HyDROPHILUS. 

A. Section through the posterior part of the body of the same age as fig. 184 A. 

B. Section through the embryo of the same age as fig. 184 C. 

C. Section thi'ough a still older embryo. 

do, dorsal plate ; »«. ventral nerve cord ; a/, mesenteron ; /li. heart. 

The large spaces at the sides are parts of the body cavity. 

In the Poduridm the embryonic membranes appear to be at any rate 
imperfect. Metschnikoff states in his paper on Geophilus that in some ants 
no true embryonic membranes are found, but merely scattered cells which 
take their place. In the Ichneumonidae the existence of two embryonic 
membranes is very doubtful. 

Formation of the embryonic layers. The formation of the 
layers has been studied in sections by Kowalevsky (No. 416), 

^ According to Kowalevsky the history of the dorsal plate is somewhat different. 
He l)elieves that on the absorption of the amnion the ventral plate unites with the 
serous membrane, and that the latter directly gives rise to the dorsal integument, 
while the thickened part of it becomes involuted to form the dorsal tube already 
described. 
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Hatschck (No. 414 ), and Graber (No. 412 ), etc From their 
researches it would appear that the formation of the mesoblast 
always takes place in a manner closely resembling that in 
Hydrophilus. The essential features of the process (figs. 177 
and 178) appear to be that a groove is formed along the median 
line of the ventral plate, and that the sides of this groove either 
(i) simply close over like the walls of the medullary groove in 
Vertebrates, and so convert the gi'oove into a tube, which soon 
becomes solid and forms a mass or plate of cells internal to the 
epiblast ; or (2) that tlie cells on each side of the groove grow 
over it and meet in the middle line, forming a layer external 
to the cells which lined the groove. The former of these 
processes is the most usual ; and in the Muscidse the dimensions 
of the groove are very considerable (Graber, No. 411 ). In both 
cases the process is fundamentally the same, and caiuscs the 
ventral plate to become divided into two layers \ The external 
layer or epiblast is an uniform sheet forming the main part of 
the ventral plate (fig. 178 B, It is continuou.s at its edge 
with the amnion. The inner layer or mesoblast constitutes an 
independent plate of cells internal to the epiblast (fig. 178 B, me). 
The mesoblast soon becomes divided into two lateral bands. 

The origin of the hypoblast is still in dispute. It will be 
remembered {vide pp. 1 14 and 1 16) that after the segmentation a 
number of nuclei remain in the yolk; and that eventually a 
secondary segmentation of the yolk takes place around these 
nuclei, and gives rise to a mass of yolk cells, which fill up the 
interior of the embryo. These cells are diagrammatically shewn 
in figs, 1 81 and 189, and it is probable that they constitute the 
true hypoblast. Their further history is given below. 

Formation of the organs and their relation to the germinal 
layers. 

The segments and appendages. One of the earliest 
phenomena in the development is the appearance of transverse 
lines indicating segmentation (fig. 186). The transverse lines 
arc apparently caused by shallow superficial grooves, and also in 

p fichoniiroff (No. 420) denies the existence of a true invagination to form the 
mesoldast, and also asscrt.s that a .separation of mesoblast cell-s from the epiblast can 
take place at other parts besides the median ventral line. 
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many cases by the division of the mesoblastic bands into 
separate somites. The most anterior line marks off a prae-oral 
segment, which soon sends out two lateral wings — the procephalic 
lobes. The remaining segments are at first fairly uniform. 
Their number does not, however, appear to be very constant. 
So far as is known they never exceed seventeen, and this 
number is probably the typical one (figs. t86 and 187). 

In Diptera the number appears to be usually fifteen though it may be 
only fourteen. In Lepidoptera and in Apis there appear to be sixteen 
segments. These and other vax-iations affect only the number of the segments 
which form the abdomen of the adult. 


The appendages arise as paired pouch- 
like outgrowths of the epiblast and meso- 
blast ; and their number and the order of 
their appearance are subject to considerable 
variation, the meaning of which is not yet 
clear. As a rule they arise subsequently to 
the segmentation of the parts of the body 
to which they belong. There is always 
formed one pair of appendages which spring 
from the lateral lobes of the procephalic 
region, or from the boundary line between 
these and the median ventral part of this 
region. These appendages are the antennae. 

They have in the embryo a distinctly ven- Hydrophilus pi- 

, , ,. VIEWED FROM THE 

tral position as compared to that which ventral surface. 
they have in the adult. (After Kowalevsky. ) 

In the median ventral part of the pro- procephalic lobe, 

cephalic region there arises the lab rum (fig. i 8 y, Is). It is formed 
by the coalescence of a pair of prominences very similar to true 
appendages, though it is probable that they have not this 
valued 



^ If these structures are equivalent to appendages, they may correspond to one of 
the pairs of antennce of Crustacea. From a figure by Fritz Muller of the larva of 
Calotermes {Jcnaische Zeit. Vol. XI. pi. ii, fig. 12) it would appear that they lie in 
front of the true antennre, and would therefore on the above hypothesis correspond to 
the first pair of antennae of Crustacea. Bixtschli (No. 405) describes in the Bee a pair 
of prominences immediately in front of the mandibles which eventually unite to form 
a kind of underlip ; they in some ways resemble true appendages. 
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The antennos themselves can hartlly be considuvt'tl io Imvc 
the same morphological value as the succeeding apptMulagcs. 
They arc rather equivalent to paired processes of the pr;t>oral 
lobes of the Chietopocla. 

From the first three post-oral segiuetils there ip-uw out the 
mandibles and two pairs of niaxillie, and Irom the three tnllowing 
segments the three pairs of thoracic apiumdasp's. In many 
Insects (cf. Hydrophilus) a certain number id' appcmlages of the 
same nature as the anterior ones arc visible in the embryo on 
the abdominal segments, a fact which shews that Insects are 
descended from ancestors with more than three pairs of ambu- 
latory appendages. 

In Apis according to Biitschli (No. 405) all the aljdmuiual scjuncnts are 
provided with appendages, which always 
remain in a very rudimentary condition. 

All trace of them as well as of the ihorai'ic 
appendages is lost by the time the cmlnyo 
is hatched. In the phytophagous lly- 
menoptera the larva is provided with 
9~ 1 1 pairs of legs. 

In the embryo of Lepidoptera there 
would appear from Kowalevsky’s figures 
to be rudiments of ten pairs of post-tho- 
racic appendages. In the caterpillar of 
this group there are at the maximum live 
pairs of such rudimentary feet, viz. a pair 
on the 3rd, 4th, 5th, and 6th, and on the 
last abdominal segment. The embryos 
of Hydrophilus (fig. 187), Mantis, etc. are 
also provided with additional appenclagc.s. 

In various Thysanura small prominence.s 
are present on more or fewer of the abdo- 
minal segments (fig. 192), which may 
probably be regarded as rudimentary 
feet. 

Whether all or any of the appendages 
of various kinds connected with the 
hindermost segments belong to, the same 
category as the legs is very doubtful. Their usual absence in the enil.iryo or 
in any case their late appearance appears to me against so regarding tiuan ; 
but Biitschli is of opinion that in the Bee the parts of the sling are related 
genetically to the appendages of the penultimate and antepenultimate tUKhs- 
minal segments, and this view is to some extent supported Isy more recent 


,1 ff 
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obsei'vations (Kraepelin, etc.), and if it holds true for the Bee must be regarded 
as correct for other cases also. 

As to the order of the appearance of the appendages observations are as 
yet too scanty to form any complete scheme. In many cases all the appen- 
dages appear approximately at the same moment, e.g. Hydrophilus, but 
whether this holds good for all Coleoptera is by no means certain. In Apis 
the appendages are stated by Biitschli to arise simultaneously, but according 
to Kowalevsky the two mouth appendages first appear, then the antennm, 
and still later the thoracic appendages. In the Diptera the mouth appen- 
dages are first formed, and either simultaneously with these, or slightly later, 


the antennae. In the Hemiptera and Libellulidse the thoracic appendages 
are the first to be formed, and the second pair of maxillae makes its appear- 
ance before the other cephalic appendages. 

The history of the changes in the embryonic appendages during the 


attainment oftheadult con- 
dition is beyond the scope 
of this treatise, but it may 
be noted that the second 
pair of maxilke are rela- 
tively very large in the 
embryo, and not infre- 
quently (Libellula, etc.) 
have more resemblance to 
the ambulatory than to the 
masticatory appendages. 
The exact nature of the 
wings and their relation to 
the other segments is still 
very obscure. They ap- 
pear as dorsal leaf-like ap- 
pendages on the 2nd and 
3rd thoracic segments, and 
are in many respects simi- 
lar to the tracheal gills 
of the larvm of Epheme- 
ridiE and Phryganidm (fig. 
188 A), of which they are 
supposed by Gegenbaur 
and Lubbock to be modifi- 
cations. The undoubtedly 


A C B 



Fig. 1 88. Figures illustrating aquatic re- 
spiration IN Insects. (After Gegenbaur.) 

A. Hinder portion of the body of Ephemera 
vulgata. a. longitudinal tracheal trunks; b, alimen- 


secondary character of the 
closed tracheal system of 
larva; with tracheal gills 


tary canal ; c. tracheal gills. 

B. Larva of yEschna grandis. a. superior longi- 
tudinal tracheal trunlv.s ; b. their anterior end ; c, por- 
tion livanching on proctodECum ; 0. eyes. 


tells against this view. C. Alimentary canal of the same larva from the 
p* - r I ■ 1 i uud A as in B ; inferior tracheal trunk ; 

J'lTl/ Muller unds m tlie transverse branches between upper and lower 
la,rva.; of Calotermes rti- tracheal trunks. 
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The antennae themselves can hardly be considered to have 
the same morphological value as the succeeding appendages. 
They are rather equivalent to paired processes of the prm-oral 
lobes of the Chretopoda. 

From the first three post-oral segments there grow out the 
mandibles and two pairs of maxillae, and from the three following 
segments the three pairs of thoracic appendages. In many 
Insects (cf. Flydrophilus) a certain number of appendages of the 
same nature as the anterior ones are visible in the embryo on 
the abdominal segments, a fact which shews that Insects are 
descended from ancestors with more than three pairs of ambu- 
latory appendages. 

In Apis according to Biitschli (No. 405) all the abdominal segments are 
provided with appendages, which always 
remain in a very rudimentary condition. 

All trace of them as well as of the thoracic 
appendages is lost by the time the embryo 
is hatched. In the phytophagous Hy- 
menoptera the larva is provided with 
9 — 1 1 pairs of legs. 

In the embryo of Lepidoptera there 
would appear from Kowalevsky’s figures 
to be rudiments of ten pairs of post-tho- 
racic appendages. In the caterpillar of 
this group there are at the maximum five 
pairs of such rudimentary feet, viz. a pair 
on the 3rd, 4th, sth, and 6th, and on the 
last abdominal segment. The embryos 
of Hydrophilus (fig. 187), Mantis, etc. are 
also provided with additional appendages. 

In various Thysanura small prominences 
are present on more or fewer of the abdo- 
minal segments (fig. 192), which may 
probably be regarded as rudimentary 
feet. 

Whether all or any of the appendages 
of various kinds connected with the 
hindermost segments belong to the same 
category as the legs is very doubtful. Their usual absence in the emlsvyo or 
in any case their late appearance appears to me against so regarding them ; 
but Biitschli is of opinion that in the Bee the parts of the sting arc related 
genetically to the appendages of the penultimate and antcpenultimale abdo- 
minal segments, and this view is to some extent supported by more recent 



Fig. 187. Twos'i'AGEs in ■i’iik 

DEVELOPMENT OK J I VDHOPII I LUS 
PiCEtJS. (From Gegcabanr, alter 
Kowalov.sky, ) 

Is. labnira; <?/. antenna; ?«</. 
mandible; ///x. maxilla I.; //. max- 
illa II.; fed; a. anuK. 
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observations (Kraepelin, etc.), and if it holds true for the Bee must be regarded 
as coiTect for other cases also. 


As to the order of the appearance of the appendages observations are as 
yet too scanty to form any complete scheme. In many cases all the appen- 
dages appear approximately at the same moment, e.g. Hydrophilus, but 
whether this holds good for all Coleoptera is by no means certain. In Apis 
the appendages are stated by Biitschli to arise simultaneously, but according 
to Kowalevsky the two mouth appendages first appear, then the antenncC, 
and still later the thoracic appendages. In the Diptera tlie mouth appen- 
dages are first formed, and either simultaneously with these, or slightly later, 
the antennae. In the Hemiptera and Libellulidae the thoracic appendages 
are the first to be formed, and the second pair of maxillae makes its appear- 
ance before the other cephalic appendages. 

The history of the changes in the embryonic appendages during the 


attainment ofthea dult con- 
dition is beyond the scope 
of this treatise, but it may 
be noted that the second 
pair of maxilke arc i-ela- 
tively very large in the 
embryo, and not infre- 
quently (Libellula, etc.) 
have more resemblance to 
the ambulatory than to the 
masticatory appcn d age s. 

The exact nature of the 
wings and their relation to 
the other segments is still 
very obscure. They ap- 
pear as dorsal leaf-like ap- 
pendages on the 2nd and 
3rd thoracic segments, and 
are in many respects simi- 
lar to the tracheal gills 
of the larviX! of Epheme- 
vuUe and I’hryganidie (fig. 
i8tS A), of which they are 
siqjposed by Gegenbaur 
and l.ubbock to Ire modifi- 
cations. The undoubtedly 


J Cf B 



Fig. 188. Figures illustra'I'ing aquatic re- 
spiration IN Insects, (After Gegenbaur.) 

A. Hinder portion of the body of Ephemera 
vulgata. a. longitudinal tracheal trunks; b. alinieu- 


sccondary character of the 
closed tracheal system of 
larva; with tracheal gills 


tary canal ; c. tracheal gills. 

B. Larva of j'E.schna grandis. a. superior longi- 
tudinal tracheal trunks; h. their anterior end; c. por- 
tion branching on proctodseum ; 0. eyes. 


tells 

j''rU/. 



against this view. 
Miillev finds in the 
of Cahitermes ru- 


C. Alimentary canal of the same larva from the 
side, a, b, and c. as in B ; inferior tracheal trunk ; 
c. transverse branches between upper and lower 
tracheal trunks. 
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gosiis (one of the Termites) that peculiar and similar dorsal appendages are 
present on the two anterior of the thoracic segments. They are without 
trachete. The anterior atrophies, and the posterior acquires trachete and gives 
rise to the first pair of wings. The second pair of wings is formed from 
small processes on the third thoracic segment like those on the other two. 
Fritz Muller concludes from these facts that the wings of Insects are 
developed from dorsal processes of the body, not equivalent to the ventral 
appendages. What the primitive function of these appendages was is not 
dear. - Fritz Miiiler suggests that they may have been employed as respira- 
tory organs in the passage from an aqueous to a terrestrial existence, when 
the Tennite ancestors lived in moist habitations — a function for which pro- 
cesses supplied with blood-channels wmuld be well adapted. The undoubted 
affinity of Insects to Myriapods, coupled with the discovery by Moseley of a 
tracheal system in Peripatus, is however nearly fatal to the view that Insects 
can have sprung directly from aquatic ancestors not provided with trachem. 
But although this suggestion of Fritz Muller cannot be accepted, it is still 
possible that the processes discovered by him may have been the earliest 
rudiments of wings, which were employed first as organs of propulsion by a 
water-inhabiting Insect ancestor which had not yet acquired the power of 
flying. 

The nervous system. The nervous system arises entirely 
from the epiblast ; but the development of the pne-oral and 
post-oral sections may be best considered separately. 

The post-oral section, or ventral cord of the adult, arises as 
two longitudinal thickenings of the epiblast, one on each .side of 
the median line (fig. 189 B, m), which are subsequently split off 
from the superficial skin and give rise to the two lateral strands 
of the ventral cord. At a later period they undergo a differenti- 
ation into ganglia and connecting cords. 

Between these two embryonic nerve cords there is at first a shallow 
furrow, which soon becomes a deep groove (fig. 189 C). At this stage the 
differentiation of the lateral elements into ganglia and commissures takes 
place, and, according to Hatschek (No. 414), the median groove become.^ in 
the region of the ganglia converted into a canal, the walls of which soon fuse 
with those of the ganglionic enlargements of the lateral cords, and connect 
them across the middle line. Between the ganglia on the other hand the 
median groove undergoes atrophy, becoming first a solid cord interposed 
between the lateral strands of the nervous system, and finally disappearing 
without giving rise to any part of the neiwous system. It is probable that 
Flatschek is entirely mistaken about the entrance of a median clement into 
the ventral cord, and that the appearances he has described are due to 
shrinkage. In Spiders the absence of a median element can be shewn with 
great certainty, and, as already stated, this element is not present in 
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Peripatus. Hatschek states that in the mandibular segment the median 
element is absorbed, and that the two lateral cords of that part give rise to 
the cesophageal commissures, while the sub-cesophageal ganglion is formed 
from the fusion of the ganglia of the two maxillary segments. 

The pr£E-oral portion of the nervous system consists entirely 
of the supra-cesophageal ganglion. It is formed, according to 
Hatschek, of three parts. Firstly and mainly, of a layer sepa- 




PlU. iHiJ. TllKKlC TRANSVERSE SECTIONS THROUGH THE EMBRYO OK 
llYnROi'Hli.us. (After Kowalevsky.) 

A. 'I'ninsverse section through the larva represented in fig. 187 A. 

15 . 'rransverse section through a somewhat older embryo in the region of one of 
the stigmata. 

C. Transverse section through the larva represented in fig. 187 B. 

7JU. ventral nerve cord; «///. amnion and serous membrane; we. mesohlast ; wc.-v. 
somatic vncsoblast ; /y/. hypoblast (!) ; j'/c. yolk cells (true hypoblast) ; s(. stigma of 
trachea. 


rated from the tliickcned inner part of the cephalic lobe on each 
side ; .secondly, of an anterior continuation of the lateral cords ; 
and thirdly, of a pit of .skin invaginated on each side close to the 



dorsal border of the antennae. This pit is at first provided with 
a lumen, which is subsequently obliterated ; while the walls of 
the pit become converted into true ganglion cells. The two 
supra-cesophageal ganglia remain disconnected on the dorsal 
side till quite the close of embryonic life. 

The tracheae and salivary glands. The tracheae, as was 
first shewn by Butschli (No. 405), arise as independent segment- 
ally arranged paired invaginations of the epiblast (fig. 1 89 B and 
C, sf). Their openings are always placed on the outer sides of 
the appendages of their segments, where such are present. 

Although in the adult stigmata are never found in the space 
between the pro thorax and head*, in the embryo and the larva 
tracheal invaginations may be developed in all the thoracic (and 
possibly in the tliree jaw-bearing segments) and in all the 
abdominal segments except the two posterior. 

In the embryo of the Lepicloptera, according to Hatschek (No. 'tht), 
there are 14 pairs of stigmata, belonging to the 14 segments of the laody 
behind the mouth ; but Tichomiroff states that Hatschek is in error in 
maliing this statement for the foremost post-oral segments. The last two 
segments are without stigmata. In the larvm of Lepidoptera as well as those 
of many Hymenoptera, Coleoptera and Diptera, stigmata are present on all 
the postcephalic segments except the and and 3 rd thoracic and the two last 
abdominal. In Apis there are eleven pairs of tracheal invaginations accord- 
ing to Kowalevsky (No. 416), but according to Butschli (No. 405) only ten, 
the prothorax being without one. In the Bee they appear simultaneously, 
and before the appendages. 

The blind ends of the tracheal invaginations frequently 
Apis) unite together into a common longitudinal canal, which 
forms a longitudinal tracheal stem. In other case.s (e.g\ Gryllo- 
talpa, Dohrn, No. 408) they remain cli.stinct, and each tracheal 
.stem has a system of branches of its own. 

The development of the tracheae strongly supports the view, 
arrived at by Moseley from his investigations on Peripatus, that 
they are modifications of cutaneous glands. 

The salivary and spinning glands are epiblastic structures, 
which in their mode of development are very similar t<.) the 
tracheae, and perhaps have a similar origin. The salivary glands 

1 In Smyntluirus, one of the Colleinbola, there are, according lo Buhliook, only 
two stiginata, which are placed on the head. 
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arise as paired epiblastic invaginations, not, as might be 
expected, of the Stomodseum, but of the ventral plate behind 
the mouth on the inner side of the mandibles. At first indepen- 
dent, they eventually unite in a common duct, which falls into 
the mouth. The spinning glands arise on the inner side of the 
second pair of maxillm in Apis and Lepidoptera, and form 
elongated glands extending through nearly the whole length 
of the body. They are very similar in their structure and deve- 
lopment to salivary glands, and are only employed during larval 
life. They no doubt resemble the mucous glands of the oral 
papillse of Peripatus, with which they have been compared by 
Moseley. The mucous glands of Peripatus may perhaps be the 
homologous organs of the first pair of maxillse, for the existence 
of which there appears to be some evidence amongst Insects. 

Mesoblast. It has been stated that the mesoblast becomes 
divided in the region of the body into two lateral bands (fig. 189 
A). These bands in many, if not all forms, become divided 
into a scries of somites corresponding with the segments of the 
body. In each of them a cavity appears — the commencing 
perivisceral cavity — which divides them into a somatic plate in 
contact with the epiblast, and a splanchnic plate in contact with 
the hypoblast (fig. 189). In the interspaces between the 
segments the mesoblast is continuous across the median ventral 
line. The mesoblast is prolonged into each of the appendages 
as these ai'c formed, and in the appendages there is present a 
central cavity. By MetschnikofF these cavities are stated to be 
coiitinuous, as in Myriapods and Arachnida, with those of the 
somites ; but by Hatschek (No. 414 ) they are stated to be 
independent of those in the somites and to be open to the yolk. 

The further details of the history of the mesoblast are very imperfectly 
known, and the fullest account we have is that by Dohrn (No. 408) for 
(iryllotalpa. It would appear that the mesoblast grows round and encloses 
tire dorsal .side of the yolk earlier than the epiblast. In Gryllotalpa it forms 
a pulsating membrane. As the epiblast extends dorsalwards the median 
dorsal part of the membrane is constricted off as a tube which forms the 
heart. At the same time the free space between the pulsating membrane 
and the yolk is obliterated, but transverse passages are left at the lines 
],)elween the samites, through which the blood passes from the ventral part of 
the body to corresponding openings in the wall of the heart. The greater 
])art of the membrane gives rise to the muscles of the trunk. 
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Veiitrally the mesoblastic bands soon meet across the median line. The 
cavities in the appendages become obliterated and their mesoblastic walls 
form the muscles, etc. The cavities in the separate mesoblastic somites also 
cease to be distinctly circumscribed. 

The splanchnic mesoblast follows the hypoblast in its growth, and gives 
rise to the connective tissue and muscular parts of the walls of the aliment- 
ary tract. The mesoblastic wall of the proctodteum is probably formed 
independently of the mesoblastic somites. In the head the mesoblast is 
stated to form at first a median ventral mass, which does not pass into the 
procephalic lobe ; though it assists in forming both the antennae and upper 
lip. 

The alimentary canal. The alimentary tract of In.sects i.s 
formed of three distinct sections (fig, i8i) — a mesenteron or 
middle section i^m), a stomodfeum [st) and a proctodamm {an). 
The stomodseiim and proctodaiiim are invaginations of the 
epiblast, while the mesenteron is lined by the hypoblast. The 
distinction between the three is usually well marked in the adult 
by the epiblastic derivatives being lined by chitin. The stomo- 
dtEum consists of mouth, oesophagus, crop, and provcntriculus or 
gi 2 zard, when such are present. The mesenteron includes the 
stomach, and is sometimes (Orthoptcra, etc.) provided at its 
front end with pyloric diverticula — posteriorly it terminates just 
in front of the Malpighian bodies. These latter fall into the 
proctodaeum, which includes the whole of the region from their 
insertion to the anus. 

The oral invagination appears nearly coincidently with the 
first formation of segments at the front end of the groove 
between the lateral nerve cords, and the anal invagination 
appears slightly later at the hindermost end of the ventral plate. 

The Malpighian bodies arise as tzvo pairs of outgrowths of the 
epiblast of the proctodeenm, whether solid at first is not certain. 
The subsequent increase which usually takes place in their 
number is due to sproutings (at first solid) of the two original 
vessels. 

The glandular walls of the mesenteron are formed from the hyjioblast ; 
but the exact origin of the layer has not been thoroughly worked out in all 
cases. In Hydrophilus it is stated by Kowalevsky (No. 410) to appear as 
two sheets split off from the lateral masses of mesoblast, which gradually 
grow round the yolk, and a similar mode of formation would .seem to liuld 
good for Apis. TichomirofF (No. 420) confirms Kowalev.sky on this point, 
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and further states that these two masses meet first ventrally and much later 
on the dorsal side. In Lepidoptei-a, on the other hand, Hatschek finds that 
the hypoblast arises as a median mass of polygonal cells in the anterior part 
of the ventral plate. These cells increase by absorbing material from the 
yolk, and then gradually extend themselves and grow round the yolk. 

Dohrn (No. 408) believes that the yolk cells, the origin of which has 
already been spoken of, give rise to the hypoblastic walls of the mesenteron, 
and this view appears to be shared by Graber (No. 412), though the latter 
author holds that some of the yolk cells are derived by budding from the 
blastoderm^. 

From the analogy of Spiders I am inclined to accept Dohrn’s and 
Graber’s view. It appears to me probable that Kowalevsky’s obseiwations 
are to be explained by supposing that the hypoblast plates which he believes 
to be split off from the mesoblast are really separated from the yolk. 

It will be convenient to add here a few details to what has already been 
stated as to the origin of the yolk cells. As mentioned above, the central 
yolk breaks up at a period, which is not constant in the different forms, into 
polygonal or rounded masses, in each of which a nucleus has in many 
instances been clearly demonstrated although in others such nuclei have not 
been made out. It is probable however that nuclei are in all cases really 
present, and that these masses must be therefore regarded as cells. They 
constitute in fact the yolk cells. The periphery of the yolk breaks up into 
cells while the centre is still quite homogeneous. 

The hypoblastic walls of the mesenteron appear to be formed 
in the first instance laterally (fig. 189 B and C, /y'). They then 
meet ventrally (fig. 185 A and B), and finally close in the 
mesenteron on the dorsal side. 

The mesenteron is at first a closed sack, independent of both 
stomodteum and proctodaeum ; and in the case of the Bee it so 
remains even after the close of embryonic life. The only gland- 
ular organs of the mesenteron are the not unfrequent pyloric 
tubes, which are simple outgrowths of its anterior end. It is 
possible that in some instances theyr may be formed in situ 
around the lateral parts of the yolk. 

In many instances the whole of the yolk is enclosed in the walls of the 
mesenteron, but in other cases, as in Chironomus and Simulia (Weismann, 
No, 430 ; Metschnikoff, No. 423), part of the yolk may be left between the 
ventral wall of the mesenteron and the ventral plate. In Chironomus the 

^ Graber’s view on this point may probably be explained by supposing that he has 
mistaken a passage of yolk cells into the blastoderm for a passage of blastoderm cells 
into the yolk. The former occurrence takes place, as I have found, largely in Spiders, 
and probably therefore also occurs in Insects, 
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mass of yolk external to the mesenteron takes the form of a median and two 
lateral streaks. Some of the yolk cells either prior to the establishment of 
the mesenteron, or derived from the unenclosed portions of the yolk, pass 
into the developing organs (Dohi'n, 408) and serve as a kind of nutritive cell. 
They also form blood corpuscles and connective-tissue elements. Such yolk 
cells may be compared to the peculiar bodies described by Reichenbach in 
Astacus, which form the secondary mesoblast. Similar cells play a very 
important part in the development of Spiders. 

Generative organs. The observations on the development of the 
generative organs are somewhat scanty. In Diptera certain cells — known 
as the pole cells — are stated by both Metschnikoff (No. 423) and Leuckart to 
give rise to the generative organs. The cells in cpiestion (in Chironomus 
and Miisca vomitoria, Weismann, No. 430) appear at the hinder end of the 
ovum before any other cells of the blastoderm. They soon separate from 
the blastoderm and increase by division. In the embryo, produced by the 
viviparous larva of Cecidomyia, there is at first a single pole cell, which 
eventually divides into four, and the resulting cells become enclosed within 
the blastoderm. They next divide into two masses, which are stated by 
Metschnikoff(No.423)to become surrounded by indifferent embryonic cells ’, 
Their protoplasm then fuses, and their nuclei divide, and they give rise to 
the larval ovaries, for which the enclosing cells form the tunics. 

Aphis Metschnikoff (No. 423) detected at a very early stage a mass 
of cells which give rise to the generative organs. These cells are situated 
at the hind end of the ventral plate ; and, except in the case of one of the 
cells which gives rise by division to a green mass adjoining the fat body, 
the protoplasm of the separate cells fuses into a syncytium. Towards the 
close of embryonic life the syncytium assumes a horse-shoe form. The mass 
is next divided into two, and the peripheral layer of each part gives rise 
to the tunic, while from the hinder extremity of each part an at first solid 
duct — the egg- tube — grows out. The masses themselves form the ger- 
mogens. The oviduct is formed by a coalescence of the ducts from each 
germogen. 

Ganin derives the generative organs in Platygaster p. 347 ) from 
the hind end of the ventral plate close to the proctodmum ; while Suckow 
states that the generative organs are outgrowths of the proctodmum. 
According to these two sets of observations the generative organs would 
appear to have an epiblastic origin — an origin which is not incompatible 
with that from the pole cells. 

In Lepidoptera the genital organs are present in the later periods of 
embryonic life as distinct paired organs, one on each side of the heart, in 
the eighth postcephalic segment. They are elliptical bodies with a duct 
passing off from the posterior end in the female or from the middle in the 
male. The egg-tubes or seminal tubes are outgrowths of the elliptic, al 
bodies. 


’ This point requires further observation, 
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In other Insects the later stages in the development of the generative 
organs closely resemble those in the Lepidoptera, and the organs are usually 
distinctly visible in the later stages of embryonic life. 

It may probably be laid down, in spite of some of Metschnikoff’s 
observations above quoted, that the original generative mass gives rise to 
both the true genital glands and their ducts. It appears also to be fairly 
clear that ihe genital glands of both sexes have an identical origin. 

Special types of larvce. 

Certain of the Hymenopterous forms, which deposit their eggs in the 
eggs or larvrn of other Insects, present very peculiar modifications in their 
development. Platygaster, which lays its egg in the larvae of Cecidomyia, 
undergoes perhaps the most remarkable development amongst these forms. 
It has been studied especially by Ganin (No. 410), from whom the following 
account is taken. 

The very first stages are unfortunately but imperfectly known, and the 
interpretations offered by Ganin do not in all cases appear quite satis- 
factory. In the earliest stage after being laid the egg is enclosed in a 
capsule produced into a stalk (fig, 190 A). In the interior of the egg 
there soon appears a single spherical body, regarded by Ganin as a cell 
(fig, 190 B). In the next stage three similar bodies appear in the vitellus, 
no doubt derived from the first one (fig, 190 C). The central one presents 
somewhat diffei'ent characters to the two others, and, according to Ganin, 
gives rise to the whole embryo. The two peripheral bodies increase by 



are stated to be Fig, 190, A series of stages in the development 

formed by a process Platygaster. (From Lubbock ; after Ganin.) 

of endogenous cell formation (fig. 190 D, E). It appears probable that 
Ganin has mistaken nuclei for cells in the earlier stages, and that a blasto- 
derm is formed as in other Insects, and that this becomes divided in a way 
not explained into a superficial layer which gives rise to the serous 
envelope, and a deeper layer which forms the embryo. However this 
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may be, a differentiation into an epiblastic layer of columnar cells and 
a hypoblastic layer of mom rounded cells soon becomes apparent in the body 
of the embryo. Subsequently to this the embryo grows rapidly, till by a 
deep transverse constriction on the ventral surface it becomes divided into an 
anterior cephalothoracic portion and a posterior caudal portion (fig, 190 F). 
The cephalothorax grows in breadth, and near its anterior end an in- 
vagination appears, which gives rise to the mouth and cesophagus. On 
the ventral side of the cephalothorax there is first formed a pair of 
claw- like appendages on each side of the mouth, then a posterior pair of 
appendages near the junction of the cephalothorax and abdomen, and 
lastly a pair of short conical antennae in front. 

^ At the same time the hind end of the abdomen becomes bifid, and gives 
rise to a fork-hke caudal appendage; and at a slightly later period four 
grooves make their appearance in the caudal region, and divide this part of 
the embryo mto successive segments. While these changes have been 
taking place m the general form of the embryo, the epiblast has given rise 
to a cuticle, and the hypoblastic cells have bgcome differentiated into a 
central hypoblastic axis— the mesenteron— and a surrounding layer of 
mesoblast, some of the cells of which form longitudinal muscles. 

With this stage closes what may be regarded as the embryonic develop- 
ment of Platygaster. The embryo becomes free from the amnion, and pre- 
sents itself as a larva, which from its very remarkable characters has been 
spoken of as the Cyclops larva by Ganin. 

The larvm of three species have been described by Ganin, which are repre- 
sented ,n%, ,9: A. B, C These hrvse are strangely dissimii to the orZ(y 

sSwIt^th They are formed of a cephalothoracic 

shield with the three pairs of appendages (a, if, the development of 
which h^ ^readybeen described, and of an abdomen formed of five seg- 
ments, the last of which bears rite somewhat varying catidal app^L'S 
The nervous system is as yot undeveloped. ^ ^ enaa«t.s. 

claw™' “ ““ ““““ •'■eir 

The first larval condition is succeeded by a second with very different 

ty 

the .ml loses its 

f «-vEht 

and without the 0/ (Z mT 

blindly m contact with the mesenteron Shorriv^nff^^fv 

the epiblast (^sw) appears along the ventral surftre^'^i • thickening of 

.0 the ventra. nerve cord, thl ^rglfrornitrhLTlr^^^^^^ 
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epiblast which is invaginated to form the proctodseum, and in front is pro- 
longed on each side into two procephalic lobes, in which there are also 
thickenings of the epiblast {gsae), which become converted into supra- 
oesophageal ganglia, and possibly other parts. 

Towards the close of the second larval period the muscles (Ini) become 
segmentally arranged, and give indications of the segmentation which 



Fig. 19 1. A series of stages in the devetoi’ment of Platygaster. 

(From Lubbock ; after Ganin.) 

A. B. C. Cyclops larvie of three species of Platygaster. 

D. Second larval stage. E. Third larval stage. 
mo. mouth ; a. antenna ; kf. hooked feet ; Ifg. lateral feet ; f. branches of tail ; 
nl. lower lip ; slkf. cesophagus ; gsae. supra-oesophageal ganglion ; imi. ventral epi- 
Irlastic plate ; bn, lateral muscles (the letters also point in D to the salivary glands) ; 
gh. proctodseum ; ga. generative organs ; 7 nd. mandibles ; ag. ducts of salivary glands ; 
sj>. (in E) salivary glands ; mis. stomach ; ed. intestine ; etv. rectum ; ao, anus ; 
fr. trachem ; fli. fat body. 

becomes apparent in the third larval period. The third and last larval 
stage (fig. 191 E) of Platygaster, during which it still remains in the tissues 
of its host, presents no very peculiar features. The passage from the second 
to the third form is accompanied by an ecdysis. 

Remarkable as are the larvte just described, there can I think be 
no reason, considering their parasitic habits, for regarding them as ancestral. 

27— -2 i 
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Metamorphosis and heterogamy. 

Metamorphosis. The majority of Insects arc born in a 
condition in which they obviously differ from their parents. The 
extent of this difference is subject to very great variations, but 
as a rule the larvae pass through a very marked metamorphosis 
before reaching the adult state. The complete history of this 
metamorphosis in the different orders of Insects involves a far 
too considerable amount of zoological detail to be dealt with in 
this work ; and I shall confine myself to a few observations on 
the general characters and origin of the metamorphosis, and of 
the histological processes which take place during its occur- 
rence k 

In the Aptera the larva differs from the adult only in the 
number of facets in the cornea and joints in tlie antenine. 

In most Orthoptera and Hemiptera the Iarv;e differ from the 
adult in the absence of wings and in other points. The wings, 
etc., are gradually acquired in the course of a series of .successive 
moultings. In the Ephemeridse and Libcllulidm, however, the 
metamorphosis is more complicated, in that the larvai have 
provisional tracheal gills which are exuviated before the final 
moult In the Ephemeridfe there are usually a great number of 
moultings ; the tracheal gills appear after the second moult, and 
the rudiments of the wings when the larva is about h.alf grown. 
Larval life may last for a very long period. 

In all the other groups of Insects, viz. the Diptcra, Ncuro- 
ptera, Colcoptera, Lepidoptera, and Hymcnoptcra, the lar\-a 
passes — with a few exceptions — through a quiescent stage, in 
which it is known as a pupa, before it attain.s the adult stage. 
These forms are known as the Holometabola. 

In the Diptera the larvae are apodous. In the true Hies (Muscicliu) they 
are without a distinct head and have the jaws replaced by hooks. In the 
Tipulidas there is on the other hand a well-developed head with the normal 
appendages. The pupae of the Muscidje are quiescent, and arc enclosed in 
the skin of the larva which shrinks and forms a firm oval case. In the 

’ For a systematic account of this subject the reader is referred to I.ubbock (No. 
420) and to Graber (No. 411). He will find in Weismann (Nos. 4i}0 and 4i{l) a fletailed 

account of the internal changes which take place. 
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Tipulidge the larval skin is thrown off at the pupa stage, and in some cases 
the pupEe continue to move about. 

The larvai of the Neuroptera are hexapodous voracious forms. When the 
larva becomes a pupa all the external organs of the imago are already 
established. The pupa is often invested in a cocoon. It is usually quiescent, 
though sometimes it begins to move about shortly before the imago emerges. 

In the Coleoptera there is considerable variety in the larval forms. As a 
rule the larvm are hexapodous and resemble wingless Insects. But some 
herbivorous larvae {e.g. the larva of Melolontha) closely resemble true 
caterpillars, and there are also grub-like larvm without feet (Curculio) which 
resemble the larvae of Hymenoptera. The pupa is quiescent, but has all 
the parts of the future beetle plainly visible. The most interesting larvae 
among the Coleoptera are those of Sitaris, one of the Meloidae (Fabre, No. 
409). They leave the egg as active hexapodous larvae which attach them- 
selves to the bodies of Hymenoptera, and are thence transported to a cell 
filled with honey. Here they eat the ovum of the Hymenopterous form. 
They then undergo an ecdysis, in which they functionally lose their append- 
ages, retaining however small rudiments of them, and become grubs. They 
feed on the honey and after a further ecdysis become pupae. 

In the Lepidoptera the larva has the well-known form of a caterpillar, 
The caterpillars have strong jaws, adapted for biting vegetable tissues, 
which are quite unlike the oral appendages of the adult. They have three 
pairs of jointed thoi'acic legs, and a variable number (usually five) of pairs 
of rudinrervtary abdominal legs — the so-called pro-legs. The larva undergoes 
numerous ecdyses, and the external parts of the adult such as the wings, etc., 
are formed underneath the chitinous exoskeleton before the pupa stage. 
The pupa is known as a chrysalis and in some Lepidoptera is enveloped in 
a cocoon. 

The Hymenoptera present considerable variations in the character of the 
larvae. In the Aculeata, many Entomophaga, the Cynipidae, etc., the larvm 
are apodous grubs, incapable of going in search of their food ; but in the 
Siricidae they are hexapodous forms like caterpillars, which are sometimes 
even provided with pro-legs. In some of the Entomophaga the larvae have 
very remarkable characters which have already been described in a special 
section, vide pp. 418, 419. 

Before proceeding to the consideration of the value of the 
various larval forms thus shortly enumerated, it is necessary to 
say a few words as to the internal changes which take place 
during the occurrence of the above metamorphosis. In the 
simplest cases, such as those of the Orthoptera and Hemiptera, 
where the metamorphosis is confined to the gradual formation 
of the wings, etc, in a series of moults, the wings first appear as 
two folds of the epidermis beneath the cuticle on the two 
posterior thoracic segments. At the next moult these processes 
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become covered by the freshly formed cuticle, and ap])car as 
small projections. At every successive moult these projeclums 
become more prominent owing to a growth in the epuku'mis 
which has taken place in the preceding interval. Accc)ni])anylng 
the formation of such organs as the wings, internal changes 
necessarily take place in the arrangement of the muscles, etc. ol 
the thorax, which proceed pari passu, with tlic formation of the 
organs to which they belong. The characters of the metamor- 
phosis in such forms as the Ephemeridm only differ from the 
above in the fact that provisional organs arc thrown off at the 
same time that the new ones are formed. 

In the case of the Holomefabola the internal phenomena of 
the metamorphosis are of a very much more remarkable cha- 
racter, The details of our knowledge are largely due to Weis- 
mann (Nos. 430 and 431). The larvm of the llolonictabola have 
for the most part a very different mode of life to the adiilt.s, 
A simple series of transitions between the two i.s impossible, 
because intermediate forms would be for the most part incapable 
of existing. The transition from the larval to the adult state is 
therefore necessarily a more or less sudden, one, and takes place 
during the quiescent pupa condition. Many of the external 
adult organs are however formed prior to the pupa stage, but t,lo 
not become visible on the surface. The simplest mcxle of Molo- 
metabolic metamorphosis may be illustrated by the development 
of Corethra plumicorni.s, one of the 'fipulida;. This larva, like 
that of other Tipulida^, is without thoracic [ip|)cndugcs, but 
before the last larval moult, and therefore shortly before the 
pupa stage, certain structures arc formed, which Weinman n has 
called imaginal discs. These imaginal discs arc in Corethra 
simply invaginations of the epidermis. There are in the thorax 
six pairs of such structures, three dorsal and three ventral. The 
three ventral are attached to the terminations of the .scn.sory 
nerve.s, and the limbs of the imago are formed as simple 
outgrowths of them, which as they grow in length take a spiral 
form. In the interior of these outgrowths are formed the 
muscles, trachea;, etc., of the limbs; which arc believed by 
Weismann (it appears to me without sufficient ground) to be 
derived from a proliferation of the cells of the neurilemma. 
The wings are formed from the two posterior dorsal imaginal 
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discs. The liypodermis of the larva passes directly into that of 
the imago. 

The pupa stage of Corethra is relatively very short, and the 
changes in the internal parts which take place during it are not 
considerable. The larval abdominal muscles pass for the most 
part unchanged into those of the imago, w^hile the special 
thoracic muscles connected with the wings, etc., develop directly 
during the latest larval period from cords of cells already formed 
in the embryo. 

In the Lepidoptera the changes in the passage from the 
larval to the adult state are not very much more considerable 
than those in Corethra, Similar imaginal discs give rise during 
the later larval periods to the wings, etc. The internal changes 
during the longer pupa period are somewhat more considerable. 
Important modifications and new formations arise in connec- 
tion with the alimentary tract, the nervous and muscular 
systems. 

The changes which take place in the true flies (Muscidse) are 
far more complicated than either those in Corethra or in the 
Lepidoptera. The abdomen of the larva of Musca becomes 
bodily converted into the abdomen of the imago as in the above 
types, but the whole epidermis and appendages of the head and 
thorax are derived from imaginal discs which are formed within 
and (so far as is known) independently of the epidermis of the 
larva or embryo. These imaginal discs are simple masses of 
apparently indifferent cells, which for the most part appear at 
the close of embiyonic life, and are attached to nerves or 
trachem. They grow in size during larval life, but during the 
relatively long pupa stage they unite together to give rise to a 
continuous epidermis, from which the appendages grow out as 
processes, The epidermis of the anterior part of the larva is 
simply thrown off, and has no share in forming the epidermis of 
the adult. 

There are a pair of cephalic imaginal discs and six pairs of 
thoracic discs. Two pairs, a dorsal and a ventral, give rise to 
each thoracic ring, and the appendages attached to it. 

Though, as mentioned above, no evidence has yet been 
produced to shew that the imaginal discs of Musca are derived 
from the embryonic epiblast, yet their mode of growth and 
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eventual fate proves beyond the shadow of a doubt that they are 
homologous with the imaginal discs of Coretlira. 1 heir earliest 
origin is well worth further investigation. 

The metamorphosis of the internal organs is still more 
striking than that of the external. There is a disruption, total 
or partial, of all the internal organs except the generative 
organs. In the case of the alimentary tract, the Malpighian 
vessels, the heart and the central nervous system, the disruption 
is of a partial kind, which has been called by Wei.smann 
histolysis. The cells of these organs undergo a fatty degenera- 
tion, the nuclei alone in some cases remaining. The kind of 
plasma resulting from this degeneration retains the shape of the 
organs, and finally becomes built up again into the correspond- 
ing organs of the imago. The tracheae, muscles and peripheral 
nerves, and an anterior part of the alimentary tract, are entirely 
disrupted. They seem to be formed again from granular cells 
derived from the enormous fat bod}/. 

The phenomena of the development of the Miiscithe arc umimilaedly of 
rather a surprising character. Leaving for tlie moment the question of the 
origin of the pupa stage to which I return below, it will Ijc fulmittcd on all 
hands that during the pupa stage the larva undergoes a .series of changes 
which, had they taken place by slow degrees, would have involved, in .such a 
case as Musca, a complete though gradual renewal of the lissue.s. .Such 
being the case, the cells of the organs common to the larva and the imago 
would, in the natural course of things, not be the same cells as those of the 
larva but descendants of them. We might therefore expect to find in the 
rapid conversion of the larval organs into those of the adult some coiHlen.sa- 
tion, so to speak, of the process of ordinary cell division. Such conden.satioa.s 
are probably represented in the histolysis in the case of the internal organs, 
and in the formation of imaginal disc.s in the case of the external ones, and 
I think it probable that further investigation will shew that the imaginal 
discs of the Muscidm are derivatives of the embryonic epiblast. 'I'he above 
considerations by no means explain the whole of Wcismanu’.s interesting 
observations, but an explanation is I believe to be found by following up 
these lines. 

More or less parallel phenomena to those in Insects are found in the 
development of the Platyelminthes and Echinoderms. The four disc-like 
invaginations of the skin in many larval Nemertines (vnfe p. i(j8), which 
give rise to the permanent body wall of the Nemertine, may be compared to 
the imaginal discs. The subsequent throwing off of the skin of Pilidium or 
larva of pesor is a phenomenon like the absorption of part of the larval 
skin of Musca. The formation of an independent skin within the first larval 
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form ill the Distomemand in the Cestoda may be compared to the apparently 
independent formation of the imaginal discs in Miisca. 

The fact that in a majority of instances it is possible to trace 
an intimate connection between the surroundings of a larva and 
its organization proves in the clearest way tJiat the characters of 
the majority of existing larval forms of bisects have owed their 
origin to secondary adaptations. A few instances will illustrate 
this point. 

In the simplest types of metamorphosis, e.g. those of the 
Orthoptera genuina, the laiwa has precisely the same habits as 
the adult. We find that a caterpillar 
form is assumed by phytophagous larvse 
amongst the Lepidoptera, Hymenoptera 
and Coleoptera. Where the larva has 
not to go in search of its nutriment the 
grub-like apodous form is assumed. The 
existence of such an apodous larva is 
especially striking in the Hymenoptera, 
in that rudiments of thoracic and abdo- 
minal appendages are present in the 
embryo and disappear again in the larva. 

The case of the larva of Sitaris, already 
described (p. 421), affords another very 
striking proof that the organization of 
the larva is adapted to its habits. 

It follows from the above that the 
development of such forms as the Or- 
thoptera genuina is more primitive than 
that of the holomctabolous forms ; a 
conclii.sion which tallies with the fact 
that both pakeontological and anatomical evidence shew the 
Orthoptera to be a very primitive group of Insects. 

I'lie above argument probably applies with still greater force 
to the case of the Thysanura ; and it seems to be probable that 
this group is more nearly related than any other to the primitive 
wingless ancestors of Insects \ The characters of the oral 



Fig, 192. Anterior 

HALF OF CaMPODEA FRAGI- 
i.is. (From Gegenbaur; af- 
ter Palmen.) 

a. antennte ; p. feet ; /. 
p ost-thoracic rudiment ary 
feet ; s. stigma. 


‘ Brauei: arul Lubliock (No. 421) have pointed out the primitive characters of these 
furms, especially of C'auipotlca. 
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appendages in this group, the simplicity of their metamorphosis, 
and the presence of abdominal appendages (fig. 193), all tell in 
favour of this view, while the resemblance of the adult to the 
larviu of the Pscudoneuroptera, etc., points in the same direction. 
The Thysanura and Collembola are not however to be regarded 
as belonging to the true stock of the ance.stors of Imsects, but as 
degenerated relations of this stock ; much as Amphioxus and 
the Ascidians are degenerate relations of the ancestral stock of 
Vertebrates, and Peripatus of that of the Tracheata, It is 
probable that all these forms have succeeded in retaining their 
primitive characters from their degenei'ate habits, which pre- 
vented them from entering into competition in the struggle for 
existence with their more highly endowed relatives. While in a 
general way it is clear that the larval forms of In.sects cannot be 
expected to throw much light on the nature of Insect ancestors, 
it does nevertheless appear to me probable that such forms as 
the caterpillars of the Lcpidoptcra arc not without a me:ining in 
this respect. It is easy to conceive that even a secondar)' larval 
form may have been produced by the prolongation of one of the 
embryonic stages ; and the general similarity of a caterpillar to 
Peripatus, and the retention by it of post-thoracic appendages, arc 
facts which appear to favour this view of the origin of the cater- 
pillar form. 

The two most obscure points which still remain to be dealt 
with in the metamorphosis of Insects arc (i) the origin of the 
quiescent pupa stage ; (2) the frequent dissimilarity between the 
masticatory apparatus of the larva and adult 

These two points may be conveniently dealt with together, 
and some valuable remarks about them will be found in I mbboek 
(No. 420 ). 

On grounds already indicated it may be con.sidered certain 
that the groups of Insects without a pupa .stage, and with a larva 
very similarly organi.sed to the adult, preceded the e.xisting 
holometabolic gToup.s. The starting-point in the metamorphosis 
of the latter groups was therefore something like that of the 
Orthoptcra. Suppose it became an advantage to a .species that 
the larva and adult should feed in a somewhat different way, a 
difference in the character of their mouth parts would soon make 
itself manifest ; and, since an intermediate type of mouth parts 
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would probably be disadvantageous, there would be a tendency 
to concentrate into a single moult the transition from, the larval 
to the adult form of mouth parts. At each ordinary moult there 
is a short period of quiescence, and this period of quiescence 
would naturally become longer in the important moult at which 
the change in the mouth parts was effected. In this way a 
rudimentary pupa stage might be started. The pupa stage, 
once started, might easily become a more important factor in 
the metamorphosis. If the larva and imago diverged still more 
from each other, a continually increasing amount of change 
would have to be effected at the pupa stage. It would probably 
be advantageous to the species that the larva should not have 
rudimentary functionless wings; and the establishment of the 
wings as external organs would therefore become deferred to 
the pupa stage. The same would probably apply to other 
organs. 

Iiisect.s iisuall}/- pass through the pupa stage in winter in cold 
climates and during the dry season in the tropics, this stage 
serving therefore apparently for the protection of the species 
during the inclement season of the year. These facts are easily 
explained on the supposition that the pupa stage has become 
secondarily adajhed to play a part in the economy of the 
species (|uite different from that to which it owes its origin. 

Heterogamy. The cases of alternations of generations 
amongst Insects all fall under the heading already defined in 
the introduction as lleterogamy. Heteroganiy amongst Insects 
has been rendered possible by the existence of parthenogenesis, 
which, as .stated in the introduction, has been taken hold of by 
natural selection, and has led to the production of generations of 
parllieiiogenetic fonn.s, by which a clear economy in reproduction 
is effected. Parthenogenesis without heterogamy occurs in a 
large number of forms. In Bees, Wasps, and a Sawfly (Nematus 
vcntricosus) the unfertilized ova give rise to males. In two 
Lepidoplerous genera (Psyche and Solenobia) the unfertilized 
ova give rise mainly, if not entirely, to females. Heterogamy 
occurs in none of the above types, but in Ps5mhe and Solenobia 
jiiales are onl}- occasionally found, so that a series of generations 
producing female young from unfertilized ova are followed by a 
g\:ueration ])rotlucing young of both sexes from fertilized ova. It 
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would be interesting to know if the unimpregnated female would 
not after a certain number of generations give rise to both males 
and females ; such an occurrence might be anticipated on 
grounds of analogy. In the cases of true heterogamy partheno- 
genesis has become confined to special generations^ which differ 
in their character from the generations which reproduce them- 
selves sexually. The parthenogenetic generations generally 
flourish during the season when food is abundant; while the 
sexual generations occur at intervals which are often secondarily 
regulated by the season, supply of food, etc. 

A very simple case of this kind occurs, if we may trust the 
recent researches of Lichtenstein b in certain Gall Insects 
(Cynipidse). He finds that the female of a form known as 
Spathegaster baccarum, of which both males and females are 
plentiful, pricks a characteristic gall in certain leaves, in which 
she deposits the fertilized eggs. The eggs from these galls give 
rise to a winged and apparently adult form, which is not, how- 
ever, Spathegaster, but is a species considered to belong to a 
distinct genus known as Neuroterus ventricularis. Only females 
of Neuroterus are found, and they lay unfertilized ova in peculiar 
galls which develop into Spathegaster baccarum. Here we have 
a true case of heterogamy, the females which produce partheno- 
genetically having become dijfferentiated from those which pro- 
duce sexually. Another interesting type of heterogamy is that 
which has been long known in the Aphides. In the autumn 
impregnated eggs are deposited by females, which give rise in 
the course of the spring to females which produce partheno- 
genetically and viviparously. The viviparous females always 
differ from the females which lay the fertilized eggs. Hie gene- 
rative organs are of course differently constituted, and the ova of 
the viviparous females are much smaller than those of the ovi- 
parous females, as is generally the case in clo.sely allied vivi- 
parous and oviparous forms; but in addition the former are 
usually without wings, while the latter are winged. The reverse 
is however occasionally the case. An indefinite number of gene- 
rations of viviparous females may be produced if they are arti- 
ficially kept warm and supplied with food ; but in the course of 


^ Piiites NouveUes Entomologiques.i'Mxy^ 1878. 
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nature the viviparous females produce in the autumn males and 
females which lay eggs with firm shells, and so preserve the 
species through the winter. The heterogamy of the allied 
CoccidEe is practically the same as that of the Aphidae. In the 
case of Chernies and Phylloxera the parthenog'enetic generations 
lay their eggs in the normal way. 

The complete history of Phylloxera quercus has been worked 
out by Balbiani (No. 401). The apterous females during the 
summer lay eggs developing parthenogenetically into apterous 
females, which continue the same mode of reproduction. In the 
autumn, however, the eggs which are laid give rise in part to 
winged forms and in part to apterous forms. Both of these 
forms lay smaller and larger eggs, which develop respectively 
into very minute males and females without digestive organs. 
The fertilized eggs laid by these forms probably give rise to the 
parthenog'enetic females. 

A remarkable case of heterogamy accompanied by pasdo- 
genesis was discovered by Wagner to take place in certain 
species of Cecydomyia (Miastor), a genus of the Diptera. The 
female lays a few eggs in the bark of trees, etc. These eggs 
develop in the winter into larvm, in which ovaries are early 
formed. The ova become detached into the body cavity, 
surrounded by their follicles, and grow at the cost of the 
follicles. They soon commence to undergo a true development, 
and on becoming hatched they remain for some time in the 
l.)ody cavity of the parent, and are nourished at the expense of 
its viscera. They finally leave the empty skin of their parent, 
and subsequently reproduce a fresh batch of larvm in the same 
way. After several generations the larva: undergo in the 
following summer a metamorphosis, and develop into the sexual 
fiirm. 

Another case of psedogenesis is that of the larvae of Chiro- 
nomus, which have been shewn by Grimm (No. 413) to lay eggs 
which develop exactly in the same way as fertilized eggs into 
larvm. 
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Arachnida\ 


The development of several divisions of this interesting 
group has been worked out ; and it will be convenient to deal in 
the first instance with the special history of each of these 


divisions, and then to treat in a 
separate section the develop- 
ment of the organs for the 
whole group. 

Scorpionidae, The embry- 
onic development always takes 
place within the female Scor- 
pion. In Buthus it takes place 
within follicle-like protuber- 
ances of the wall of the ovary. 
In Scorpio also development 
commences while the egg is 
still in the follicle, but when the 
trunk becomes segmented the 
embryo passes into the ovarian 
tube. The chief authority for 
the development of the Scorpio- 
nidm is Metschnikoff (No. 434). 



Fig. 193. Ovum of Scorpion with 

THE ALREADY -FORMED BLASTODERM 
SHEWING THE P. 4 .RTIAL SEGMENTATION. 
(After Metsclinikoff.) 

bl. blastoderm. 


At the pole of the ovum facing the ovarian tube there is 


^ The classification of the Arachnida adopted in the present work is shewn below. 


I. Arthrogastra. 


f Scorpionidte. 
Pedipalpi. 

i Pseudoscorpionidte. 
SolifugEe. 


II. Araneina. 

III. Acarina. 


1 T etrapneumones. 
( Dipneumones, 


Phalangidte. 
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formed a germinal disc which undergoes a partial segmentation 
(fig. 1.93 dl). A somewhat .saucer-shaped one-laycred blasto- 
derm is then formed, which soon becomes thickened in the 
centre and then divided into two layers. The outer of these 
is the cpiblast, the inner the mesoblast. Beneath the mesoblast 
there subsequently appear granular cells, which form the 
commencement of the hypoblast*. 

During the formation of the blastoderm a cellular envelope is formed 
round the embryo. Its origin is doubtful, though it is regarded by 
Metschnikoif as probably derived from the blastoderm and homologous 
with the amnion of Insects. It becomes double in the later stages (fig. 195). 

During the differentiation of the three embryonic layers the 
germinal disc becomes somewhat pyriform, the pointed end 
being the posterior. At this extremity there is a special thick- 
ening which is perhaps 
equivalent to the prim- 
itive cumulus of Spiders, 

The germinal disc con- 
tinues gradually to spread 
over the yolk, but the 
original pyriform area is 
thicker than the remain- 
der, and is marked off 
anteriorly and posterior- 
ly by a shallow furrow. 

It constitutes a structure 
corresponding with the 
ventral plate of other 
T racheata. It soon be- 
comes grooved by a Da- 194, Three sukeace views oe the, 
shallow longitudinal fur- (After MetschnikofF.) 
row (fig. 1 94 A) which A, Before segmentation, 
subsequently becomes & ^ 

less distinct. It is then formed, 

divided by two transverse lines into three parts®. 

^ The origin of the hypoblast cells, if such these cells are, is obscure. 'xMetschnn<off 
doubtfully derives them from the blastoderm cells ; from my inve.stigatioii.s on Spiders 
it appears to me more probable that they originate in the yolk. 

® The exact fate of the three original segments is left somewhat olisoure iiv 
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In succeeding stages the anterior of the three parts is clearly 
marked out as the procephalic lobe, and soon becomes somewhat 
broader. Fresh segments are added from before backwards, 
and the whole ventral plate increases rapidly in length (fig. 
194 B). 

When ten segments have become formed, appendages appear 
as paired outgrowths of the nine posterior segments (fig. 194 C). 
The second segment bears the pedipalpi, the four succeeding 
segments the four ambulatory appendages, and the four hinder- 
most segments smaller provisional appendages which subse- 
quently disappear, with the possible exception of the second, 
The, foremost segment, immediately behind the procephalic 
lobes, is very small, and still without a rudiment of the cheli- 
ceras, which are subsequently formed on it. It would appear 
from Metschnikofif’s figures to 

be developed later than the pa 

other post-oral segments pre- ^ 
sent at this stage. The still 
unsegmented tail has become ^ 
very prominent and makes an 
angle of 180" with the re- 

mainder of the body, over the t "“J-l 1 

ventral surface of which it is ^".(4 l| 

By the time that twelve 

segments are definitely form- ’ A / 

ed, the procephalic region is 

distinctly bilobed, and in the 

median groove extending 

along it the stomodaeum has 

become formed (fig. 190 A)- bryo of the Scorpion enveloped in 
The chclicerm (c//) appear as its membranes. (After Metschnikoff.) 

small rudiments on the first chelicerie; pedipalpi 

ambulatory appendages; ao. post-abdomen 
post-oral segment, and the (tail). 




Metschnikoff. He believes however that the anterior segment forms the proceplialic 
lobes, the posterior j^robably the telson and five adjoining caudal .segments, and 
the midflle one the remainder of the body. This view does not appear to me cjuile 
satisfactory, since on the analogy of Spiders and other Arthropoda the fresh somites 
ought to Ire added by a continuous segmentation of the posterior lobe, 

B. II, 28 




PSEUDOSCORPIONID^.. 


nerve cords are distinctly differentiated and ganglionated. In 
the embryonic state there is one ganglion for each segment. 
The ganglion in the first segment (that bearing the chclicerm) is 
very small, but is undoubtedly post-oral. 

At this stage, by a growth in which all the three germinal 
layers have a share, the yolk is completely closed in by the 
blastoderm. It is a remarkable fact with only few parallels, and 
those amongst the Arthropoda, that the blastopore, or point 
where the embryonic membranes meet in closing in the yolk, is 
situated on the dorsal surface of the embryo. 

The general relations of the embryo at about this stage are 
shewn in fig. 195, where the embryo enclosed in its double 
cellular membrane is seen in a side view. This embryo is about 
the same age as that seen from the ventral surface in fig. 196 A. 

The general nature of the further changes may easily be 
gathered from an inspection of fig. 196 B and C, but a few 
points may be noted. 

An upper lip or labrum is formed as an unpaired organ in 
the line between the procephalic lobes. The pedipalpi become 
chelate before becoming jointed, and the chelicera; also early 
acquire their characteristic form. Rudimentary appendages 
appear on the six segments behind the ambulatory legs, five of 
which are distinctly shewn in fig. 195 ; they persist only on the 
second segment, where they appear to form the comb-like 
organs or pectines. The last abdominal segment, Le. that next 
the tail, is without provisional appendages. The embryonic tail 
is divided into six segments including the telson (fig. 196 C, ab). 
The lungs {st) are formed by paired invaginations, the walls of 
which subsequently become plicated, on the four last segments 
which bear rudimentary limbs, and simultaneou.sly with the 
disappearance of the rudimentary limbs. 

PseildoscorpionidaB. The development of Chelifer has been in- 
vestigated by Metschnikoff (4.30), and although (except that it is provided 
with tracheas instead of pulmonary sacks) it might be supposed to be closely 
related to Scorpio, yet in its development is strikingly different. 

The eggs after being laid are carried by the female attached to the first 
segment of the abdomen. The segmentation {vide p. 93 ) is intermediate 
between the types of complete and superficial segmentation. The ovum, 
mainly formed of food-yolk, divide.? into two, four, and eight equal segments 
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(fig. 197 A). There then appear one or more clear segments on the surface 
of these, and finally a complete la:yer of cells is formed round the central 
yolk spheres (fig, 197 B), which latter subsequently agglomei-ate into a 
central mass. The superficial cells form what may be called a blastoderm, 
which soon becomes divided into two layei's (fig. 197 C). There now 
appears a single pair of appendages (the pedipalpi) (fig. 198 A,pd), while at 
the same time the front end of the embryo grows out into a remarkable 
proboscis-like prominence — a temporary upper lip (concealed in the figure 


B 



EMBRYOS ARE REPRESENTEO AS IF SEEN EXTENDED ON A M.ANE. 
(After Metschnikoff.) 


c//. chelicevffi ; />d. pedipalpi ; ambulatory appendages ; pe, pecten ; st. 

stigmata ; ai. post abdomen (tail). 

behind the pedipalpus), and the abdomen (aff) becomes bent forwards to 
wards the ventral surface. In this very rudimentary condition, after under- 
going an ecdysis, the larva is hatched, although it still remains attached to 
its parent. After hatching it grows rapidly, and becomes filled with a 
peculiar transparent material. The first pair of ambulatory appendages is 
formed behind the pedipalpi and then the three suceeding pairs, while at the 
same time the chelicerm appear as small rudiments in front. External signs 
of segmentation have not yet appeared, but about this period the nervous 
system is formed. The supra-oesophageal ganglia are especially distinct, 
and provided with a central cavity, probably formed by an invagination, as 
in other Arachnida, In the succeeding stages (fig, 198 B) four provisional 
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pairs of appendages (shewn as small knobs at ah') appear behind Die ambu- 
latory feet. The abdomen is bent forwards so as to rcaidi almost to the 
pedipalpi. In the later stages (lig. ig8 C) the adult form is gradually 
attained. The enormous upper lip persists for some lime, hut suliseque.ully 
atrophies and is replaced by a normal labrmn. The appendiiges behind the 


A 



Fio. 197. Segmentation ano eormation oi? Tint iu.astoderm in (’.nEi.ivEu. 

(After Metschnikoff.) 

In A the ovum is divided into a number of separate .segments. In h a, lumiber of 
small cells have appeared (/V) which form a blastoderm enveloping the largi; yolk 
spheres. In C the blastoderm ha.s become divided into two layers. 

ambulatory feet atrophy, and the tail is gradually bent back into its iiual 
position. The segmentation and the gradual growth of the liinb.s do nut cull 
for special description, and the formation of the organ.s, so far as is known, 
agrees with other types. 

The segmentation of Chthonius is apparently similar (o that of Cluilifer 
(Stecker, No, 437). 

Phalangidae. Our knowledge of the development of I'hnlangium is 
unfortunately confined to the later stages (Balbiani, No. 43.S). These stages 
do not appear however to differ very gi'oatly from those of true Spiders. 

Araneina. The eggs of true Spiders are either dejxjisitcd in 
nests made specially for them, or are carried about, by the 
females. Species belonging to a considerable number of gemera, 
viz. Pholcus, Epeira, Lyco.sa, Clubionc, Tegcnaria and AgeU:n,u 
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have been studied by ClaparMe (No. 442), Balbiani (No. 439), 
Barrois (No. 441) and myself (No. 440), and the close similarity 
between their embryos leaves but little doubt that there are no 
great variations in development within the group. 

The ovum is enclosed in a delicate vitelline membrane, 
enveloped in its turn by a chorion secreted by the walls of the 
oviduct. The chorion is covered by numerous rounded promi- 
nences, and occasionally exhibits a pattern corresponding with 
the areas of the cells which formed it. The segmentation has 
already been fully described, pp. 1 18 and 1 19 . At its close there 
is present an enveloping blastoderm formed of a single layer of 
large flattened cells. The yolk within is formed of a number of 



Fig. 198. TiiRiiE stages m the heveloi’Ment of chelifek. 

(After Metschnikoff.) 

J/d. pedipalpi ; aL abdomen ; ana. anal invagination ; ch. chelicerte. 

large polygonal segments ; each of which is composed of large 
yolk spherules, and contains a nucleus surrounded by a layer of 
protoplasm, which is prolonged into stellate processes holding 
together the yolk spherules. The nucleus, surrounded by the 
major part of the protoplasm of each yolk cell, appeans, as a rule, 
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to be situated not at the centre, but on one side of its yolk 
segment. 

The further de.scription of the development of Spiders applies 
more especially to Agelena labyrinthica, the s]Hxnes which 
formed the subject of my own investigations. 

The first differentiation of the blastoderm consists in the 
cells of nearly the whole of one hemisphere becomiiig somewhat 
more columnar than those of the other hemisphere, and in the 
cells of a small area near one end of the thickened hemisphere 
becoming distinctly more columnar than elsewhere, and two 
layers thick. This area forms a protuberance on the surface of 
the ovum, originally discovered by Clapai'ede, and called by him 
the primitive cumulus. In the next stage the cells of the 
thickened hemisphere of the blastoderm become still more 
columnar; and a second area, at finst connected by a whitish 
streak with the cumulus, makes its appearance. In the second 
area the blastoderm is also more than one cell deep (fig. 199)- 
It will be noticed that the blastoderm, though more than one 
cell thick over a large part of the ventral surface, i.s not tlivitled 
into distinct layers. The second area appears as a white patch 
and soon becomes more distinct, while the streak continued to 
it from the cumulus is no longer visible. It is shewn in surface 
view in fig. 200 A. Though my observations on this stage are 
not quite satisfactory, yet it appears to me probable that there 
is a longitudinal thickened ridge of the blastodenn extending 
from the primitive cumulus to the large white area. The .section 
represented in fig. 199, which I believe to be oblique, pa.s.se.s 
through this ridge at its most projecting part. 

The nuclei of the yolk cells during the above stages multiply 
rapidly, and cells are formed in the yolk which join the bla.sto- 
derm ; there can however be no doubt that the main increase in 
the cells of the blastodenn has been due to the division of the 
original blastoderm cells. 

In the next stage I have been able to observe there is, in the 
place of the previous thickened half of the blastoderm, a well 
developed ventral plate with a procephalic lobe in front, a 
caudal lobe behind, and an intermediate region marked ])y 
about three transverse grooves, indicating a division into 
.segments. This plate is throughout two or more rows of 
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cells thick, and the cells 
which form it are divided into 
tzvo distinct layers — a colum- 
nar superficial layer of epiblast 
cells, and a deeper layer of 
mesoblast cells (fig-. 203 A). 

In the latter layer there are 
several very large cells which 
are in the act of passing from 
the yolk into the blastoderm. 

The identification of the struc- 
tures visible in the previous 
stage with those visible in 
the present stage is to a 
great extent a matter of 
guess-work, but it appears 
to me probable that the 
primitive cumulus is still present as a slight prominence visible 
in surfiice views on the caudal lobe, and that the other thickened 
patch persists as the procephalic lobe. However this may be, 
the significance of the primitive cumulus appears to be that it is 
the part of the blastoderm where two rows of cells become first 
established \ 

The whole region of the blastoderm other than the ventral 
plate is formed of a single row of flattened epiblast cells. The 
yolk retains its original constitution. 

By this stage the epiblast and mesoblast are distinctly 
dilTerentiated, and the homologue of the hypoblast is to be 
soiiglit for in the yolk-cells. The yolk-cells are not however 
entirely hypoblastic, since they continue for the greater part of 
the development to give rise to fresh cells which join the meso- 
blast. 

The Spider’s blastoderm now resembles that of an Insect 
(except for the amnion) after the establishment of the mesoblast, 
and the mode of origin of the mesoblast in both groups is very 
similar, in that the longitudinal ridge-like thickening of the 

' Various view.s have been put forward by Claparfede and Balbiani atrout the 
position and significance of the primitive cumulus. For a discussion of which vidt; 
self, No. 4-i:0, 



Fig. 199. Section through the em- 
bryo OF Agelena labyiunthica. 

The section is from an embryo of the 
same age as fig. 200 A, and is i-epresented 
with the ventral plate upwards. In the 
ventral plate is seen a keel-like thickening, 
which gives rise to the main mass of the 
mesoblast. 

ytu yolk divided into large polygonal 
cells, in several of which nuclei are shewn. 
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mcsoblast shewn in fig. 199 is probably the hoinologue of the 
mesoblastic groove of the Insects’ blastoderm. 

The ventral plate continues to grow rapidly, and at a some- 
what later stage (fig. 200 B) there are six segments inte'rpost'd 
between the proccphalic and caudal lobes. The two anU:rior of 
these {ch and pd), especially the foremost, are les.s distinct than 
the remainder; and it is probable that both of them, and in any 
case the anterior one, are formed later than the three segments 
following. These two segments are the segments of the chelicene 
and pedipalpi. The four segments following belong to the four 
pairs of ambulatory legs. The segments form raised transverse 
bands separated by transverse grooves. There is at this stage a 
faintly marked groove extending along the median line of the 
ventral plate. This groove is mainly caused by the originally 
single me.soblastic plate having become divided tliroughoiit the 
whole region of the ventral plate, except possibly the procetdialic 
lobes, into two bands, one on each side of the middle line (fig. 
203 B). 

The segments contintte..^to increase in number by the con- 
tinuous addition of fre.sh seghKpts between the one last formed 
and the caudal lobe. By the sta^..with nine segments the first 
rudiments of the limbs make theiiv, appearance. The first 
rudiments to appear are those of the pedipalpi and four ambu- 
latory limbs : the cheliccrm, like the segment to which they 
belong, lag behind in development. The limbs appear as small 
protuberances at the borders of their segments. B3^the stage 
when they are formed the proccphalic region has become 
bilobed, and the two lobes of which it is composed are separated 
by a shallow groove. 

By a continuous elongation the ventral plate comes to form 
a nearly complete equatorial ring round the ovum, the pro- 
cephalic and caudal lobes being only separated by a very narrow 
space, the undeveloped dorsal region of the embryo. This is 
shewn in longitudinal section in fig. 204. In this condition the 
embryo may be spoken of as having a dorsal flexure. By the 
time that this stage is reached (fig. 200 C) the full number of 
segments and appendages has become established. There arc 
in all sixteen segments (including the caudal lobe). 'I'he first 
six of these bear the permanent appendages of tlic adult ; the 
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next four are provided with provisional appendages; while the 
last six are without appendages. The further features of this 
stage which deserve notice are (i) the appearance of a shallow 
depression the rudiment of the stomodmum — between the 
hinder part of the two procephalic lobes ; (2) the appearance of 


Fig. 200. Four stacks in THK DEVELOrMKNT of AgELENA LAliYlUNTUlCA. 

A, Singe wlieu the ventral plate is very imperfectly differentiated, /r.r. primitive 
cumulus. 

B, Ovum viewed from the side when the ventral plate has Become divided inlo 
six segments, eh. segment of chclicene imperfectly separated from procephalic lobe ; 
/</, .segrnenl of pedipalpi. 

C, Ventral plate ideally unrolled after the full number of segments and 
appendages arc estaldished. st. stomodreum between the two prie-oral lobes. 
Behind the six pairs of permanent appendages ai-e seen four pairs of provisional 
appendages. 

D and E. Two views of an embryo at the same stage. D ideally unrolled, 
E seen from the side. st. stomodminn ; ch. chelicerm ; on their inner side is seen 
the ganglion belonging to them. pd. pedipalpi ; p7-.p. provisional appendages. 

raised arca.s on the inner side of the six anterior appendage- 
bearing segments. These are the rudiments of the ventral 
ganglia. It de.serves to be especially noted that the segment of 
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the chelicene; like the succeeding segments, is provided with 
ganglia; and that the ganglia of the chclicerm arc quite distinct 
from the supra-cesophageal ganglia derived from the pnjccphalic 
lobes. (3) The pointed form of the caudal lobe. In Tholciis 
(Claparede, No. 442) the caudal lobe fox-ms a projecting struct un; 
which, like the caudal lobe of the Scorpion, bends forward so as 
to face the ventral surface of the part of the body immeiliatcly 
in fi'ont. In most Spidei's such a projecting caudal lobe is not 
found. While the embryo still retains its dorsal flexiii'e con- 
siderable changes are effected in its genei'al constitution. The 
appendages (fig. 200 D and E) become impei'fectly jointed, and 
grow inwards so as to approach each other in the middle line. 
Even in the stage bcfoi-e this, the ventral integument between 
the rudiments of the ganglia had become very much thinner, 
and had in this way divided the venti'al plate into two halves. 
At the present stage the two halves of the ventral plate arc .still 
further separated, and there is a wide space on the ventral side 
only covered by a delicate layer of epiblast. This is shewn in 
surface view (fig. 200 D) and in section in fig. 203 C. 

The stomodasum (rx?) is much more conspicuou.s, and is 
bounded in fi'ont by a pi'ominent upper lip, and by a le.ss 
marked lip behind. The upper lip becomes less con.spicuou.s in 
later stages, and is perhaps to be compai-cd with the provisional 
upper lip of Chelifei'. Each procephalic lobe is now marked by 
a deep semicircular groove. 

The next period in the development is characterised by the 
gradual change in the flexui'e of the embryo from a dorsal to a 
venti'al one ; accompanied by the division of the body into an 
abdomen and cephalo-thorax, and the gx'adual assumption of the 
adult charactera. 

The change in the flexure of the embryo is caused by the 
elongation of the dorsal region, which has hitherto been hardly 
developed. Such an elongation increases the space on the 
dorsal surface between the procephalic and caudal regions, and 
therefore necessarily separates tlie caudal and procephalic lobe.s ; 
but, since the ventral plate does not become .shortened in the 
process, and the embryo cannot straighten itself in the egg-shell, 
it necessarily becomes ventrally flexed. 

If there were but little food yolk this flexure would naturally 
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cause the whole embryo to be bent in so as to have the ventral 
surface concave. But in.stead of this the flexure is at first con- 
fined to the two bands which form the ventral plate. These 
bands, as shewn in fig. 201 A, acquire a true ventral flexure, but 
tlie yolk forms a projection — a kind of yolk sack as Barrois 
(No. 441 ) calls it — distending the thin integument between the 
two ventral bands. This yolk sack is shewn in surface view in 


Fig. 300 '1,'WO late stages in the UEVKI-OI'MENT of AliEl.KNA LABYRINTHICA. 

A. Emliryu from the side at the stage when there is a large ventral protuberance 
of yolk, 'riie angle between the line of insertion of the permanent and provisional 
appendages sliews the extent of the ventral Ilexure. 

15. iMulnyo nearly ready to be luitched. I'he abdomen which has not quite 
acquired its permanent form is seen to be pre.ssed against the ventral side of tlie 
thorax. 

p-J, [irocephalic lobe; pL pedipalpi ; c//, chelicene; cJ. caudal lobe; p'.p pro- 
vi.sional appcni lages. 

fig. 201 A and in section in fig. 206. At a later period, when 
the yolk has become largely absorbed, the true nature of the 
ventral flexure becomes quite obvious, since the abdomen of the 
young .Spider, while still in the egg, is found to be bent over so 
as to [)ress again.st the ventral .surface of the thorax (fig. 20r B). 

T'he general character of the changes which take place 
during tin's period in tlie development is shewn in fig. 201 A and 
B repre.seiiLing two .stages in it. In the first of these stages 
there is no constriction between the future thorax and abdomen. 
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The four pairs of provisional appendages exhilut no signs ol 
atrophy ; and the extent of the ventral flexure is sIkavii by llie 
angle formed between the line of their insertion and that of tlu; 
appendages in front. The yolk has enormously distendetl the 
integument between the two halves of the ventral plate;, as is 
illustrated by the fact that, at a somewhat earlier stage than 
that figured, the limbs cross each other in the median ventral 
line, while at this stage they do not nearly meet, llie limbs 
have acquired their full complement of joints, and the pedipalpi 
bear a cutting blade on their basal joint 

The dorsal surface between the prominent caudal lobe and 
the procephalic lobes forms more than a semicircle. The terga 
are fully established, and the boundaries between them, especially 
in the abdomen, are indicated by transverse markings. A large 
lower lip now bounds the stomodmum, and the upper lip has 
somewhat atrophied. In the later stage (fig. 201 B) the greater 
part of the yolk has passed into the abdomen, which is now to 
some extent constricted off from the ce[)halo-tharax. The 
appendages of the four anterior abdominal somites have dis- 
appeared, and the caudal lobe has become very small. In front 
of it are placed two pairs of spinning mammilla;. A delicate 
cuticle has become establi.shed, which is very soon moulted. 

Aoarina. The development of the Acarina, which has been mainly 
investigated by ClaparMe (No. 446), is chiefly remai'kable from the frequent 
occurrence of several larval forms following each other after successive 
eedyses. The segmentation {vide p. 116) ends in the formation of a blasto- 
derm of a single layer of cells enclosing a central yolk mass. 

A ventral plate is soon formed as a thickening of the blastodonn, in which 
an indistinct segmentation becomes early observable. In Myobia, vvhit;li is 
parasitic on the common mouse, the ventral plate becomes divided by live 
constrictions into six segments (fig. 302 A), from the five anterior of wind) 
paired appendages very soon grow out (fig. 202 B) The appendages are the 
chelicerte {ch) and pedipalpi {fid) and the first three pairs of limb.s (/d. /d). 
On the dorsal side of the chcliccrcu a thickened prominence of the ventral 
plate appears to correspond to the procephalic lobes of other Arachnida. 
The part of the body behind the five primitive appendage-bearing segments 
appears to become divided into at least two segments. In other mites tlu; 
same appendages are formed as in Myobia, but the preceding segmentation 
of the ventral plate is not always very obvious. 

In Myobia two moultings take place while the embryo is still within tlu; 
primitive egg-shell. The first of these is accompanied by the apparenily 
total disappearance of the three pediform appendages^ and the c.ompleU; 


coalescence of the two gnatliiform appendages into a proboscis (fig, 202 C). 
The feet next grow out again, and a second ecdysis then takes place. The 
embryo becomes thus inclosed within three successive membranes, viz. the 
original egg-shell and two cuticular membranes (fig, 202 D). After the 
second ecdysis the appendages assume their final form, and the embryo 
leaves the egg as an hexapodous larva. The fourth pair of appendages is 



Fuj. 202. Four successive stages (n the devei.opment of Myoiua musculi, 
(After Claparede.) 

i)ost-oral segments ; ch. clielicene; p(L pcdipalpi ; pr. proboscis formed by 
the coalescence of the cliclicevic and [ledipalpi ; //-, etc. ambulatory appendages. 

acquired by a post-embryonic metamorphosis. From the proboscis are 
formed the rudimentary palpi of the second pair of appendages, and two 
elongated needles representing the chelicene. 

In the cheese mite (Tyroglyphus) the embryo has two eedyses which are 
not accompanied by the peculiar changes observable in Myobia : the 
cht‘lie(;ni' and pcdipalpi fuse however to form the proboscis. The first 
larval form is hexapodous, and the last pair of appendages is formed at a 
subsecpient ecdysis. 

In Atax Bonzi, a form parasitic on Unio, the development and meta- 
morphosis are even more complicated than in Myobia. The first ecdysis 
occurs before the formation of the limbs, and shortly after the ventral plate 
has become divided into segments. Within the cuticular membrane resulting 
from the first ecdysis the antei'ior five pairs of limbs spring out in the usual 
fashion. They undergo considerable diffei'entiation ; the chelicera'. and 
pcdipalpi approaching each other at the anterior extremity of the body, and 
the three ambulatory legs becoming segmented and clawed. An msophagus, 
a stomach, and an ecsophageal nerve-ring arc also formed. Wlien the larva 
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has attained this stage the original egg-shell is split into two valves and 
eventually cast off, but the embryo remains enclosed within the cuticiilar 
membrane shed at the first eedysis. This cuticular iticmbraite is spokem of 
by Claparede as the deutovum. In the deutoviim the embryo undergoes 
further changes; the chelicerae and pedipalpi coalesce and form the 
proboscis ; a spacious body cavity with blood corpuscles appears ; and the 
alimentary canal enclosing the yolk is formed. 

The lai'va now begins to move, the cuticular membrane enclosing it is 
ruptured, and the larva becomes free. It does not long remain active, but 
soon bores its way into the gills of its host, undergoes a fresh moult, and 
becomes quiescent. The cuticular membrane of the moult just effected 
swells up by the absorption of water and becomes spherical. Peculiar 
changes take place in the tissues, and the limbs become, as in Myobia, 
nearly absorbed, remaining however as small knobs. The larva swims 
about as a spherical body within its shell. The feet next, grow out afresh, 
and the posterior pair is added. From the proboscis the palpi (of the 
pedipalpi) grow out below. The larva again becomes free, and amongst 
other changes the chelicene grow out from the proboscis. A further eedysis, 
with a period of quiescence, intervenes between this second larval form and 
the adult state. 

The changes in the appendages which appear common to the Mites 
generally are (i) the late development of the fourth pair of appendages, which 
results in the constant occurrence of an hexapodous larva ; and (2) tlie early 
fusion of the chelicene and pedipalpi to fonn a proboscis in which no trace 
of the original appendages can be discerned. In most instances palpi and 
stiiets of variable form are subsequently developed in conne-xion with the 
proboscis, and, as indicated in the above descriptions, are assumed to cor- 
respond with the two original embryonic appendages. 

The history of the germinal layers. 

It is a somewhat remarkable fact that each of the |.rroupH c)f 
the Arachnida so far studied has a different form of .sctpiienta- 
tion. The types of Chelifer and the Spiders arc simple modi- 
fications of the centrolecithal type, while that of Scor[)io, though, 
apparently meroblastic, is probably to be regarded in the same 
light fide p. 120 and p. 434). The early development Ijcgins in 
the Scorpion and Spiders with the formation of a ventnil plate, 
and there can be but little doubt that Chelifer is provided 
with an homologous structure, though very probably modified, 
owing to the small amount of food-yolk and early j)enod of 
hatching. 

The history of the layers and their convension into the organs 
has been studied in the case of the Scorpion (Mctschnikoff, No. 
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434), and of the Spiders; and a close agreement has been found 
to obtain between them. 

It will be convenient to take the latter group as type, and 
simply to call attention to any points in which the two groups 
differ. 

The epihlast. The epiblast, besides giving rise to the skin 
(hypodermis and cuticle), also supplies the elements for the 
nervous system and organs of sense, and for the respiratory 
sacks, the stomodaeum and proctodaeum. 

At the period when the mesoblast is definitely established, 
the epiblast is formed of a single layer of columnar cells in the 
region of the ventral plate, and of a layer of flat cells over other 
parts of the yolk. 

When about six segments are present the first changes take 
place. The epiblast of the ventral plate then becomes somewhat 
thinner in the median line than at the two sides (fig. 203 B). In 
succeeding stages the contrast between the median and the 
lateral parts becomes still more marked, so that the epiblast 
becomes finally constituted of two lateral thickened bands, which 
meet in front in the procephalic lobes, and behind in the caudal 
lobe, and are elsewhere connected by a very thin layer (fig. 
203 C). Shortly after the appendages begin to be formed, the 
first rudiments of the ventral nerve-cord become established as 
epiblastic thickenings on the inner side of each of the lateral 
bands. The thickenings of the epiblast of the two sides are 
quite independent, as may be seen in fig, 203 C, taken from a 
stage somewhat subsequent to their first appearance. They are 
develojoed from before backwards, but either from the first, or in 
any case very soon afterwards, cease to form uniform thickenings, 
but constitute a linear series of sw^ellings — the future ganglia — 
connected by very short less prominent thickenings of the epi- 
blast (fig. 200 C). The rudiments of the ventral nerve-cord are 
for a long time continuous wdth the epiblast, but shortly after the 
establishment of the dorsal surface of the embiyo they become 
separated from the epiblast and constitute two independent 
cords, the histological structure of which is the same as in other 
Tracheata (fig. 206, vii). 

The ventral cords are at first composed of as many ganglia 
as there are segments. The foremost pair, belonging' to the 
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segment of the chelicenfc, lie immediately behind the stomoclamin, 
and are as independent of each other as the remaining ganglia. 
Anteriorly they border on the supra-oesophageal ganglia. When 
the yolk sack is formed in connection with the ventral llcxiirc lof 
the embryo, the two nerve-cords become very widely scparatcxl 
(fig. 206, vn) in their middle region. At a later period, at the 
stage represented in fig. 201 B, they again become approximated 
in the ventral line, and delicate commissures are formed uniting 



Fig. 303. Transverse sections through the ventral plate op A(:}EI.ena 


LABYRINTHICA AT THREE STAGES. 

A. Stage when about three segments are formed. The me.soblastic plate is not 
divided into two hands. 

B. Stage when six segments are present (fig. 200 B). The mesoblast is now 
divided into two bands. 

C. Stage represented in fig. 200 D. The ventral cords have begun to be formed 
on thickenings of the epiblast, and the limbs are established. 

ep. epiblast; im. mesoblast; mesoblastic somite ; im. ventral nerve-cord; 
yk. yolk. 

the ganglia of the two sides, but there is no trace at thi.s or any 
other period of a median invagination of epiblast lictwccn the 
two cords, such as Hatschek and other observers have attempted 
to establish for various Arthropoda and Chmtopoda. At the 
stage represented in fig. 201 A the nerve ganglia arc still iircscnt 
in the abdomen, though only about four ganglia can lx.; distin- 
guished. At a later stage these ganglia fuse into two conlinuou.s 
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cords, united however by commissures corresponding with the 
previous ganglia. 

The ganglia of the chelicerjE have, by the stage represented 
in fig. 201 B, completely fused with the supra-'Oesophageal ganglia 
and form part of the oesophageal commissure. The oesophageal 
commissure is however completed ventrally by the ganglia of 
the pedipalpi. 

The supra-oesophageal ganglia are formed independently of 
the ventral cords as two thickenings of the procephalic lobes (fig. 
205). The thickenings of the two lobes are independent, and 
each of them becomes early marked out by a semicircular groove 
(fig. 200 D) running outwards from the upper lip. Each thick- 
ening eventually becomes detached from the superficial epiblast, 
but before this takes place the two grooves become deeper, 
and on the separation of the ganglia from the epiblast, the 
cells lining the grooves become involuted and detached from 
the skin, and form an integral part of the supra-cesophageal 
ganglia. 

At the stage represented in fig. 201 B the supra-cesophageal ganglia 
are completely detached from the epiblast, and are constituted of the 
following parts; (i) A dorsal section formed of two hemispherical lobes, 
mainly formed of the invaginatecl lining of the semiciixular grooves. The 
original lumen of the groove is still present on the outer side of these 
lobes. (2) Two central masses, one for each ganglion, formed of puncti- 
form tissue, and connected by a transverse commissure, (3) A ventral 
anterior lobe. (4) The original ganglia of the chelicerm, which form the 
ventral parts of the ganglia h 

The later stages in the development of the nervous system have not 
been worked out. 

The development of the nervocis system in the Scorpion is almost 
identical with that in -Spiders, but Metschnikoflf believes, though without 
adducing satisfactory evidence, that the median integument between the 
two nerve cords assists in forming the ventral nerve cord. Grooves are 
present in the supra-cesophageal ganglia similar to those in Spiders. 

The mesoblast. The history of the mesoblast, up to the 
formation of a ventral plate subjacent to the thickened plate of 
epiblast, has been already given. The ventral plate is shewn 
in fig. 203 A. It is seen to be formed mainly of small cells, 

• ^ For further details wM’ self. No, 4,40. 
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but some large cells are shewn in the act of passing into it 
from the yolk. During a considerable section of the subse- 
quent development the mesoblast is confined to the veiitial 
plate. 

The first important change takes place when about six 
somites are established ; the mesoblast then becomes divided 



Fig. 204. Longitudinal section through an embryo of Agelena 

LABYRINTHICA. 

The section is through an embryo of the same age as that rcpresenteti in iig. 
200 C, and is taken slightly to one side of the middle line so as to shew the relation 
of the mesoblastic somites to the limbs. In the interior are seen the yolk segments 
and their nuclei. 

I — 16. the segments; pr.l. procephalic lobe j dorsal integument. 

into two lateral bands, shewn in section in fig. 203 B, which meet 
however in front in the procephalic lobes, and behind in the 
caudal lobes. Very shortly afterwards these bands become 
broken up into a number of parts corresponding to the segments, 
each of which soon becomes divided into two L'qmrs, which 
enclose a cavity between them {vide fig. 204 and fig. 207). The 
outer layer (somatic) is thicker and attached to the epi blast, 
and the inner layer (splanchnic) is thinner and mainly, if not 
entirely, derived (in Agelena) from cells which originate in tlie 
yolk. These structures constitute the mesoblastic somites. In 
the appendage-bearing segments the somatic layer of each of 
them, together with a prolongation of the cavity, is continued 
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into the appendage (fig. 203 C). Since the cavity of the meso- 
bla.stic somites is part of the body cavity, all the appendages 
contain prolongations of the body cavity. Not only is a pair of 
mesoblastic somites formed for each segment of the body, but 
also for the procephalic lobes (fig. 205). The mesoblastic somites 
for these lobes are established somewhat later than for the true 
segments, but only differ from them in the fact that the somites 
of the two sides are united by a median bridge of undivided meso- 
blast. The development of a somite for the procephalic lobes 
is similar to what has been described by Kleinenberg for Liim- 
bricus (p. 339), 

but must not be 
necessarily sup- 
posed to indicate 
that the procepha- 
lic lobes form a 
segment equiva- 
lent to the seg- 
ments of the trunk. 

They are rather 
equivalent to the 
prm-oral lobe of 
Chastopod larva:. 

When the dorsal surface of the embryo is established a thick 
layer of mesoblast becomes formed below the epiblast This 
layer is not however derived from an upgrowth of the mesoblast 
of the somites, but from cells which originate in the yolk. The 
first traces of the kiyer are seen in fig. 204, do, and it is fully 
established as a layer of large round cells in the stage shewn in 
fig. 206. This layer of cells is seen to be quite independent of 
the mesoblastic somites {me.s). The mesoblast of the dorsal 
surface becomes at the stage represented in fig. 201 B divided 
into splanchnic and somatic layers, and in the abdomen at any 
rate into somites continuous with those of the ventral part of the 
mesoblast. At the lines of junction of successive somites the 
splanchnic layer of me.soblast dips into the yolk, and forms a 
number of tran.sverse septa, which do not reach the middle of 
the yolk, but leave a central part free, in which the mesenteron 
is sub.sequently formed. At the insertion of these septa there 
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t.OUES OF AN EMBRYO OF AgEEENA LABYRINTHICA. 

The section is taken from an embryo of the same age 
as fig. 200 D. 

st. stomodmum ; gr. section through semi-circular 
groove in procephalic lobe ; ces. cephalic section of body 
cavity. 
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but some large cells are shewn in the act of passing into it 
from the yolk. During a considerable section of the subse- 
quent development the mesoblast is confined to the vential 
plate. 

The first important change takes place when about six 
somites are established ; the mesoblast then becomes divided 



Fig. 304. Longitudinal section through an emivryo of Agisi.ena 
Labyrinthica. 

The section is through an embryo of the same age as that repvesentecl in fig. 
300 C, and is taken slightly to one side of the middle line so as to show the relation 
of the mesoblaslic somites to the limbs. In the interior are seen the yolk segments 
and their nuclei. 

I — 16, the segments; pr.l, procephalic lobe; dorsal integument. 

into two lateral bands, shewn in section in fig. 203 B, which meet 
however in front in the procephalic lobes, and behind in the 
caudal lobes. Very shortly afterwards these batids become 
broken up into a number of parts corresponding to the segments, 
each of which soon becomes divided into two layers, which 
enclose a cavity between thtm {vide fig. 204 and fig. 207). The 
outer layer (somatic) is thicker and attached to the epiblast, 
and the inner layer (.splanchnie) is thinner and mainly, if not 
entirely, derived (in Agelena) from cells which originate in tlie 
yolk. These structures constitute the mesoblastic somites. In 
the appendage-bearing .segments the somatic layer of each of 
them, together with a prolongation of the cavity, is eontiuuccl 
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into the appendage (fig. 203 C). Since the cavity of the meso- 
blastic somites is part of the body cavity, all the appendages 
contain jarolongations of the body cavity. Not only is a pair of 
mesoblastic somites formed for each segment of the body, but 
also for the procephalic lobes (fig. 205). The mesoblastic somites 
for these lobes are established somewhat later than for the true 
segments, but only differ from them in the fact that the somites 
of the two sides are united by a median bridge of undivided meso- 
blast. The development of a somite for the procephalic lobes 
is similar to what has been described by Kleinenberg for Ltim- 
bricus (p. 339), 

but must not be 
necessarily sup- 
posed to indicate 
that the procepha- 
lic lobes form a 
segment equiva- 
lent to the seg- 
ments of the trunk. 

They are rather 
equivalent to the 
prse-oral lobe of 
Chaatopod larvm. 

When the dorsal surface of the embryo is established a thick 
layer of mesoblast becomes formed below the epiblast. This 
layer is not however derived from an upgrowth of the mesoblast 
of the somites, but from cells which originate in the yolk. The 
first traces of the layer are seen in fig. 204, do, and it is fully 
established as a layer of large round cells in the stage shewn in 
fig. 206. This layer of cells is seen to be quite independent of 
the mesoblastic somites (me.s). The mesoblast of the dorsal 
surface becomes at the stage represented in fig. 201 B divided 
into splanchnic and somatic layers, and in the abdomen at any 
rate into somites continuous with those of the ventral part of the 
mesoblast. At the lines of junction of successive somites the 
splanchnic layer of mesoblast dips into the yolk, and forms a 
number of transverse septa, which do not reach the middle of 
the yolk, but leave a central part free, in which the mesenteron 
is subsequently formed. At the insertion of these septa there 
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Fig. 205. Section 'ririiouGH the procephaitg 

I,OBES OF AN EMBRYO OP AgeEENA LABYXilNTHlCA. 

The section is taken from an embryo of the same age 
a.s fig. 200 D. 

si. stomodreum ; gr. .section through .semi-circular 
groove in procephalic lobe ; ce.s. cephalic section of body 
cavity. 
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arc developed widish spaces between the l;iycrs of somatic 
and splanchnic mesoblast, which form transvcrscdy tlir(S'U;d 
channels passing 
fr(,)in the heart out- 
wards. I’hey arc 
probably venous. 

At a later stage 
the septa send out 
lateral offshoots, 
and divide the 
peripheral part of 
the abdominal cav- 
ity into a number 
of compartments 
filled with yolk. It 
is probable that 
the hepatic diverti- 
cula arc eventually 
formed in these 
compartments. as llg. 201 A, and passes thntiigh the uuiximum pro- 

q-,. tiibenince of the ventral yolk sack. 

ine somatic ventral nerve cord 5 j'k. yolk; me.s. muiSaldaHtic 

layer of mesoblast somite; yt^. aorta. 

is converted into the muscles, both of the limbs and trunk, the 
superficial connective tissue, nervous sheath, etc. It probably 
also give.s rise to the three muscles attached to the suctorial 
apparatus of the cesophagus. 

The heart and aorta are formed as a solid rod of cells of the 
dorsal mesoblast, before it is distinctly divided into splanchnic 
and somatic layers. Eventually the central cells of the heart 
become blood corpuscles, while its walls are constituted of an 
outer muscular and inner epithelioid layer. It becomes func- 
tional, and acquires its valves, arterial branches, etc., by the 
.stage represented in fig. 201 B. 

The history of the mesoblast, more especially of the mesoblastic somites, 
of the Scorpion is very similar to that in Spiders : their cavity is continued 
in the same way into the limbs. The general character of the somites 
in the tail is shewn in fig. 207, The caudal aorta is stated by Mctsclmikoff 
to be formed from part of the mesenteron, but this is too im.probiil;)le to be 
accepted without further confirmation. 



Kic. 206. Tit.'VN.svniiHK sEin'Kw TiiKounii 'I'liE Tiro- 
RA.eiCK.KOION OIC'IN EMBRYO OE Aom,!''N.\ LABYHINXmCA. 
The section is taken from an eudu'yo of the Mtunc age 
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The hypoblast and aiimentary tract. It has already 
been stated that the yolk is to be regarded as corresponding to 
the hypoblast of other types. 

For a considerable period it is composed of the polygonal 
yolk cells already described and shewn in figs. 203, 204, and 205. 
The yolk cells divide and be- 
come somewhat smaller as de- 
velopment proceeds ; but the 
main products of the division 
of the yolk nuclei and the pro- 
toplasm around them are un- 
doubtedly cells which join the 
mesoblast (fig. 203 A). The 
permanent alimentary tract is 
formed of three sections, viz. 
stomodmum, proctodmum, and 
mesenteron. The stomoda;um 
and proctodcuum are both 
formed before the mesenteron. 

The stomodieum is formed as 
an epiblastic pit between the 
two procephalic lobes (figs. 200 
and 205, st). It becomes 
deeper, and by the latest stage 
figured is a deep pit lined by a 
cuticle and ending blindly. To 
its hinder section, which forms 
the suctorial apparatus of the adult, three powerful muscles (a 
dorsal and two lateral) are attached. 

The proctoda'um is formed considerably later than the 
stomodmum. It is a comparatively shallow involution, which 
forms the rectum of the adult. It is dilated at its extremity, and 
two Malpighian vessels early grow out from it. 

The mesenteron is formed in the interior of the yolk. Its 
walls are derived from the cellular elements of the yolk, and the 
first section to be formed is the hinder extremity, which appears 
as a short tube ending blindly behind in contact with the procto- 
dreum, and open to the yolk in front. The later history of the 
mesenteron has not been followed, but it undoubtedly includes 



Fig. 207. Taii. okanadvangkuem- 

liKYO OK THE SCOKPION TO II.J.t/.STKATI''. 
THE STRUCTURE OK THE MKSOlU.AhTK' 

soairrE.s. (After Metschnikoff.) 

al. alimentary tract; an.}, anal in- 
vagination; cp. epibla.st; iiu.s. me.so- 
blastic .somite. 
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the whole of the abdominal section of the alimcntaiy canal of 
the adult, except the rectum, and probably also the thoracic 
section. The later history of the yolk which encloses the mesen- 
teron has not been satisfactorily studied, though it no doubt 
gives rise to the hepatic tubes, and probably also to the thoracic 
diverticula of the alimentary tract. 

The general history of the alimentary tract in Scorpio is much the same 
as in Spiders. The hypoblast, the origin of which as mentioned above is 
somewhat uncertain, first appears on the ventral side and gradually spreads 
so as to envelop the yolk, and form the wall of the mesentcron, from 
which the liver is formed as a pair of lateral outgrowths. The procto- 
da;uin and stomodEeum are both short, especially the former {vide fig. 207). 

Summary and general conclusions. 

The embryonic forms of Scorpio and Spiders are very 
similar, but in spite of the general similarity of Chelifer to 
Scorpio, the embryo of the former differs far more from that of 
Scorpio than the latter does from Spiders. This peculiarity is 
probably to be explained by the early period at which Chelifer 
is hatched ; and though a more thorough investigation of this 
interesting form is much to be desired, it does not seem probable 
that its larva is a primitive type. 

The larvEE of the Acarina with their peculiar ecdyse.s are to 
be regarded as much modified larval forms. It is not however 
easy to assign a meaning to the hexapodous stage through 
which they generally pass. 

With reference to the segments and appendages, some inter- 
esting points arc brought out by the embryological study of 
these forms. 

The maximum number of segments is present in the 
Scorpion, in which nineteen segments (not including the pne- 
oral lobes, but including the telson) are developed. Of these the 
first twelve segments have traces of appendages, but the append- 
ages of the six last of these (unless the pecten is an appendage) 
atrophy. In Spiders there are indications in the embryo of 
sixteen segments; and in all the Arachnida, except the Acarina, 
at the least four segments bear appendages in the cmbr3'0 
which are without them in the adult. I'he morphefiogical 
ings of this fact are obvious. 
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It deserves to be noted that, in both Scorpio and the Spider, 
the chelicera; are borne in the embryo by the first post-oral 
segment, and provided with a distinct ganglion, so that they 
cannot correspond (as they are usually supposed to do) with the 
antennai of Insects, which are always developed on the prm-oral 
lobes, and never supplied by an independent ganglion. 

The chelicera: would seem probably to correspond with the 
mandibles of Insects, and the antennae to be absent. In favour 
of this view is the fact that the embryonic ganglion of the 
mandibles of Insects is stated (cf. Lepidoptera, Hatschek, p. 340) 
to become, like the ganglion of the chelicerae, converted into 
part of the oesophageal commissure. 

If the above considerations are correct, the appendages of 
the Arachnida retain in many respects a very much more prim- 
itive condition than those of Insects. In the first place, both the 
chelicerae and pedipalpi are much less differentiated than the 
mandibles and first pair of maxillaj with which they correspond. 
In the second place, the first pair of ambulatory limbs must be 
equivalent to the second pair of maxilhe of Insects, which, for 
reasons stated above, were probably originally ambulatory. It 
seems in fact a necessary deduction from the arguments stated 
that the ancestors of the present Insecta and Arachnida must 
have diverged from a common stem of the Tracheata at a time 
when the second pair of maxilhe were still ambulatory in 
function. 

With reference to the order of the development of the appendages 
and segments, very considerable differences are noticeable in the different 
Arachnoid types. This fact alone appears to me to be sufficient to prove 
that the order of appearance of the appendages is often a matter of 
embryonic convenience, without any deep morphological significance. In 
Scorpio the segments develop successively, except perhaps the first post- 
oral, which is developed after some of the succeeded segments have 
been formed. In Spiders the segment of the chelicerte, and probably also 
of the pedipalpi, appears later than the next three or four. In both these 
types the segments arise before the appendages, but the reverse appears to 
be the case in Chelifer. The permanent appendages, except the chelicerm, 
appear simultaneously in Scorpions and Spiders. The second pair appears 
long before the others in Chelifer, then the third, next the first, and finally 
the three hindermost. 
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Ponuation of the layers and the emhyonic ctroelopcs hi the 
Tracheaia. 

There is a striking constancy in the mode of formation of 
the layers throughout the group. In the first place the hypo- 
blast i.s not formed by a process which can be reduced to 
invagination : in other words, there is no gastrula stage. 
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TCfforts have been made to shew that the mesoblastic groove of Insects 
implies a modified gastrula, but since it is the essence of a gastrula that it 
should directly or indirectly give rise to the archenteron, the groove in 
question cannot fall under this category. Although the mesoblastic groove 
of Insects is not a gastrula, it is quite possible that it is the rudiment of a 
blastopore, the gastrula corresponding to which has now vanished from 
the development. It would thus be analogous to the primitive streak of 
V ertebrates 

The growth of the blastoderm over the yolk in Scorpions admits no 
doubt of being regarded as an epibolic gastrula. The blastopore would 
however be situated dorsally, a position which it does not occupy in any 
gastrula type so far dealt with. This fact, coupled with the consideration 
that the partial segmentation of Scorpio can be derived without difficulty 
from the ordinary Arachnidan type {mde p. 120), seems to shew that there 
is no true epibolic invagination in the development of Scorpio. 

On the formation of the blastoderm traces of two embryonic 
layers are established. The blastoderm itself is essentially the 
epiblast, while the central yolk is the hypoblast. The formation 
of the embryo commences in connection with a thickening of the 
blastoderm, known as the ventral plate. The mesoblast is 
formed as an unpaired plate split off from the epiblast of the 
ventral plate. This process takes place in at any rate two ways. 
In Insects a groove is formed, which becomes constricted off to 
form the mesoblastic plate : in Spiders there is a keel-like 
thickening of the blastoderm, which takes the place of the 
groove. 

The impaired mesoblastic plate becomes in all forms very 
soon divided into two mesoblastic bands. 

The mesoblastic bands are very similar to, and probably 
homologous with, those of Chaetopoda ; but the different modes 
by which they arise in these two groups are very striking, and 
probably indicate that profound modifications have taken place 
in the early development of the Tracheata. In the Chietopoda 
the bands are from the first widely separated, and gradually 
approach each other ventrally, though without meeting. In the 
Tracheata they arise from the division of an unpaired ventral 
plate. 

The further history of the mesoblastic bands is nearly the 


‘ The primitive .streak of Vcrtebrate.s, as will appear in the secpiel, has no con- 
nection with the medullary groove, and is the rudiment of the blastopore. 
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same for all the Tracheata so far investigated, and is rdso very 
much the same as for the Chaetopoda. There is a division into 
somites, each containing a section of the body cavity. In the 
cephalic section of the mesoblastic bands a section of the body 
cavity is also formed. In Arachnida, Myriapoda, and prubaldy 
also Insecta, the body cavity is primitively prolonged into the 
limbs. 

In Spiders at any rate, and very probably in the other groups 
of the Tracheata, a large part of the niesoblast is not derived 
from the mesoblastic plate, but is secondarily added from the 
yolk-cells. 

In all Tracheata the yolk-cells give rise to the mesenteron 
which, in opposition, as will hereafter appear, to the mesenteron 
of the Crustacea, forms the main section of. the permanent 
alimentary tract. 

One of the points which is still most obscure in connection 
with the embryology of the Tracheata i.s the origin of the 
embryonic membranes. Amongst Insects, with the exception 
of the Thysanura, such membranes . are well developed. In the 
other groups definite membranes like those of Insects are never 
found, but in the Scorpion a cellular envelope appears to be 
formed round the embryo from the cells of the blastoderm, and 
more or less similar structures have been described in some 
Myriapods {mde p. 390). These structures no doubt further 
require investigation, but may provisionally be regarded as 
homologous with the amnion and serous membrane of Insects. 
In the present state of our knowledge it docs not seem easy to 
give any explanation of the origin of these membranes, but they 
may be in some way derived from an early cedysis. 
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CRUSTACEA 


History of the larval forms'. 

The larval forms of the Crustacea appear to have more faith- 
fully preserved their primitive characters than those of almost 
any other group. 


Branchiopoda. 

The Branchiopoda, comprising under that term the Phyllo- 
poda and Cladocera, contain the Crustacea with the maximum 
number of segments and the least differentiation of the separate 
appendages. This and other considerations render it probable 
that they are to be regarded as the most central group of the 
Crustaceans, alid as in many respects least modified from the 
ancestral type from which all the groups have originated. 


^ The following is the classification of the Crustacea employed 
chapter. 

1 Phyllopoda. 

I. Branchiopoda. |Cladocera. 


1 the present 


11. Malacostraca. 


, KlSfatantia. 

III. Copepoda. 

{ Thoracica. 

Rhizocephala.' 


' Nebaliada;. 

Schizopoda. 

Decai^oda. 

Stomatopoda. 

Cumacece. V. Ostracoda. 

.. Edriophthalmata. 

“ The importance of the larval history of the Crustacea, coupled with our compara- 
tive ignorance of the formation of the layers, has rendered it necessary for me to 
diverge somewhat from the general plan of the work, and to defer the account of the 
formation of the layers till after that of the larval forms. - 
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The free larval stages when such exist commence: with a 
larval form known as the Nauplius. 

The term Nauplius was applied by (,). F. Miiller to ciTtain 
larval forms of the Copepoda (fig. 229) in the belief that they 
were adult. 

The term has now been extended to a very large number oi 
larvae which have certain definite characters in common. I'hey 
are provided (fig. 208 A) with three jpains of appendages, the 
future two pairs of antennse and mandibles. The first pair of 
antennse («;T) is uniramous and mainly sensory in function, the 
second pair of antennae [au^) and mandibles (md) are birainous 



FlO. 208. Two STAGES IN XUK l)KVEX.Oi'MENT OK AkU.S CANCKiKoKMlW. 

(After Claus.) 

A. Naupliu.s stage at the time of hatching. 

B. Stage after first ecclysis. 

and «#. First and second antennm ; mil mandible ; mx. nia.^iilla 5 /• labnini ; 
//\ frontal sense organ ; /. caudal fork ; s. segments. 

swimming appendages, and the mandibles are without the future 
cutting blade. The Nauplius mandibles represent in fiict the 
palp. The two posterior appendages are both provided with 
hook-like prominences on their basal joints, used in mastication. 
The body in most cases is unsegmented, and bears anteriorly a 
single median eye. There is a large upper lip, and an aliment- 
ary canal formed of oesophagus, .stomach and rectum. The anus 
opens near the hind end of the body. On the dorsal surface 
small folds of skin frequently represent the commencement of a 
dorsal shield. One very striking peculiarity of the Nauplius 
according to Claus and Dohrn is the fact that the second pair 
of antennae is innervated from a sub-oesophagml gangVwu. A 
larval form with the above characters occurs with more oi- less 
frequency in all the Crustacean groups, In most instances it 
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does not exactly conform to the above type, and the divergences 
are more considerable in the Phyllopods than in most other 
groups. Its characters in each case are described in the sequel, 
Phyllopoda. For the Phyllopoda the development of Apus 
cancriformis may conveniently be taken as type (Claus, No. 454). 
The embryo at the time it leaves the egg (fig. 208 A) is some- 
what oval in outline, and narrowed posteriorly. There is a 
slight V-shaped indentation behind, at the apex of which is 
situated the anus. The body, unlike that of the typical 
Nauplius, is already divided into two regions, a cephalic and 
post-ceidialic. On the ventral side of the cephalic region there 
are present the three normal pairs of appendages. Foremost 
there are the small anterior antennm which are simple 

unjointed rod-like bodies with two moveable hairs at their 
extremities. They are inserted at the sides of the large upper- 
lip or labrum (/). Behind these are the posterior antennm, which 
are enormously developed and serve as the most important 
larval organs of locomotion. They are biramous, being formed 
of a basal portion with a strong hook-like bristle projecting 
from its inner side, an inner unjointed branch with three bristles, 
and an outer large imperfectly five-jointed branch with five long 
lateral bristles. The hook-like organ attached to this pair of 
appendages would seem to imply that it served in some ancestral 
form as jaws (Claus). This character is apparently universal in 
the embryos of true Phyllopods, and constantly occurs in the 
Copepoda, etc. 

The third pair of appendages or mandibles (ind) is attached 
close below the upper lip. They are as yet unprovided with 
cutting blades, and terminate in two short branches, the inner 
with two and the outer with three bristles. 

At the front of the head there is the typical unpaired eye. 
On the dorsal surface there is already present a rudiment of the 
cephalic shield, continuous anteriorly with the labrum (/) or 
upper lip, the extraordinary size of which is characteristic of the 
larva; of Phyllopods. The post-cephalic region, which afterwards 
becomes the thorax and abdomen, contains underneath the skin 
rudiments of the five anterior thoracic segments and their 
appendages, and presents in this respect an important variation 
from the typical Nauplius form. After the first eedysis the 
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larva (fig. 208 B) loses its oval form, mainly owing to the elong- 
ation of the hinder part of the body and the lateral extension of 
the cephalic shield, which moreover now completely covers over 
the head and has begun to grow backwards so as to cover over 
the thoracic region. At the second eedysis there appears at its 
side a rudimentary .shell gland. In the cephalic region two 
small papillcB {fr) are now present at the front of the head close 
to the unpaired eye. They are of the nature of sense organs, 
and may be called the frontal sense papillae. They have been 
shewn by Claus to be of some phylogenetic importance. The 
three pairs of Nauplius appendages have not altered much, but 
a rudimentary cutting blade has grown out from the basal joint 
of the mandible. A gland opening at the base of the antenme 
is now present, which is probably equivalent to the green gland 
often present in the Malacostraca. Behind the mandibles a pair 
of simple processes has appeared, which forms the rudiment of 
the first pair of maxillae {mx). 

In the thoracic region more segments have been added 
posteriorly, and the appendages of the three anterior .segments 
are very distinctly formed. The tail is distinctly forked. The 
heart is formed at the second eedysis, and then extends to the 
sixth thoracic segment : the posterior chambers are successively 
added from before backwards. 

At the succe.ssive eedyses which the larva undergoes new 
segments continue to be formed at the posterior end of the body, 
and limbs arise on the segments already formed, Tliese limits 
probably represent the primitive form of an important ty|>e of 
Crustacean appendage, which is of value for intcr|)reting the 
parts of the various malacostracan appendages, 'Tlicy consist 
(fig. 209) of a basal portion (protopodite of Huxley) bearing l\vo 
rami. The basal portion has two projections on the inner side. 
To the outer side of the ba.sal portion there is attadu'd a 
dorsally directed branchial sack (< 5 ?') (epipodlte of Huxley). 'I'hc 
outer ramus {ex) (exopodite of Huxley) is formed of a single plate 
with marginal setae. The inner one {en) (endopodite of Huxlry) 
is four-jointed, and a process similar to tho.se of the basal joint 
is given off from the inner side of the three proximal joints. 

At the third eedysis several new features appear in llie 
cephalic region, which becomes more prominent in the .succe<.;ding 
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stages. In the first place the paired eyes are formed at each side 
of and behind the unpaired eye, second- 
ly the posterior pair of maxillae is 
formed though it always remains very 
rudimentary. The shell gland becomes 
fully developed opening at the base of 
the first pair of maxillae. The dorsal 
shield gradually grows backwards till it 
covers its full complement of segments. 

After the fifth ecdysis the Nauplius 
appendages undergo a rapid atrophy. 

The second pair of antennae especially 
becomes reduced in size, and the man- 
dibular palp — the primitive Nauplius 
portion of the mandible — is contracted 
to a mere rudiment, which eventually 
completely disappears, while the blade is correspond ingiy en- 
larged and also becomes toothed. The adult condition is only 
gradually attained after a very large number of successive changes 
of skin. 

The chief point of interest in the above development is the 
fact of the primitive Nauplius form becoming gradually convert- 
ed without any special metamorphosis into the adult condition h 

Branchipus like Apus is hatched as a somewhat modified Nauplius, 
which however differs from that of Apus in the hinder region of the body 
having no indications of segments. It goes through a very similar meta- 
morphosis, but is at no period of its metamorphosis provided with a dorsal 
shield : the second pair of antennfe does not abort, and in the male is pro- 
vided with clasping organs, which are perhaps remnants of the embryonic 
hooks so characteristic of this pair of antennm. 

The larva of Estheria when hatched has a Nauplius form, a large 
upper lip, caudal fork and single eye. There are two functional pairs of 
swimming appendages — the second pair of antennm and mandibles. The 
first pair of antennm has not been detected, and a dorsal mantle to form 
the shell is not developed. At the first moult the anterior pair of 
antennte arises as small stump-like structures, and a small dorsal shield 
is also formed. Rudiments of six or seven pairs of appendages sprout 

1 Nothing appears to be known with reference to the manner in which it conies 
about that more than one appendage is borne on each of the .segments from tlie 
eleveiuli to the twentieth. An investigation of this point would be of some interest 
with reference to the meaning of segmentation. 



Fig. 209. Typical phyl- 

LOPOD APPENDAGE. (Copied 
from Claus.) 

ex. exopodite ; en. endo- 
podite ; br. branchial appen- 
dage (epipodite). The basal 
portion bearing the two proxi- 
mal projections is not sharply 
separated from the endopo- 
clite. 
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out in the usual way, and continue to increase in number at .successive 
moults : the shell is rapidly developed. The chief jmint of interest in 
the development of this form is the close resemblance of the youn^^ larva 
to a typical adult Cladocera (Claus). This is shown in tlie form of the 
shell, which has not reached its full anterior extension, the nulimenlary 
anterior antenna:, the large locomotor second pair of antenna, whicli differ 
however from the corresponding organs in the Cladocera in the presemee 
of typical larval hooks. Even the abdomen resembles that of iJaphnia. 
These features perhaps indicate that the Cladocera are to be derived 
from some Phyllopod form like . Estheria by a process of retrogressive 
metamorphosis. The posterior antenna in the adult Estheria arc large 
birainous appendages, and are used for swimming; and though they 
have lost the embryonic hook, they still retain to a larger extent than 
in other Phyllopod families their Nauplius characteristics. 


The Nauplius form of the Phyllopods is marked by several 
definite peculiarities. Its body is distinctly divided into a ceph- 
alic and post-cephalic region. The upper lip i.s extraordinarily 
large, relatively very much more so than at the later stagtj.s. 
The first pair of antenna? is usually rudimentary and .somtdiincs 
even absent ; while the second pair is exceptionally large, and 
would seem to be capable of functioning not only as a, .swiinniing 
organ, but even as a masticating organ. A dorsal shield is 
nearly or quite absent. 


Cladocera. The probable derivation of the Cladocera from a form 
similar to Estheria has already been mentioned, and it -might have been 
anticipated that the deve- 
lopment would be similar 
to that of the Phyllopods. 

The development of the ma- 
jority of the Cladocera takes 
place however in the egg, 
and the young when hatched 
closely resembles their pa- 
rents, though in the egg they 
pass through a Nauplius 
stage (Dohrn). An excep- 
tion to the general rule is 
however offered by the case 
of the winter eggs of Lepto- 

dora, o« of themost primi- p,,,. ,09 A. oarv* o,.- 

tive of the Cladoceran HYAriNA from wintkr kcjo. (Copiud from bronn; 

families. The summer eggs after Sars.) 

develop without metamor- yr„i r r . . .. 

1 • A . o /\T Ml • antenna of fir.st pair; ati^. antenna of 

phosis, but Sars (No. 461) second pair; Wff. mandible; / caudal hak. 
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has discovered that the larva leaves the winter eggs in the form of a 
Nauplius (fig. 209). This Nauplius closely resembles that of the Phyllopods. 
The body is elongated and in addition to normal Nauplius appendages 
is marked by six paii's of ridges — the indications of the future feet. The 
anterior antennje are as usual small ; the second large and biramous, 
but the masticatory bristle characteristic of the Phyllopods is not pi-esent. 
The mandibles are without a cutting blade. A large upper lip and unpaired 
eye are present. 

The adult form is attained in the same manner as amongst the Phyllo- 
pods after the third moult. 


Malacostraca. 

Owing to the size and importance of the various forms 
included in the Malacostraca, greater attention has been paid to 
their embryology than to that of any other division of the 
Crustacea ; and the proper interpretation of their larval forms 
involves some of the most interesting problems in the whole 
range of Embryology. 

The majority of Malacostraca pass through a more or less 
complicated metamorphosis, though in the Nebaliadae, the 
Cumaceae, some of the Schizopoda, a few Decapoda (Astacus, 
Gecarcinus, etc.), and in the Edriophthalmata, the larva on 
leaving the egg has nearly the form of the adult. In contradis- 
tinction to the lower groups of Crustacea the Nauplius form of 
larva is rare, though it occurs in the case of one of the Schizopods 
(Euphausia, fig. 212), in some of the lower forms of the Decapods 
(Penaeus, fig. 214), and 
perhaps also, though this 
has hot been made out, in 
some of the Stomatopoda. 

In the majority of the 
Decapoda the larva leaves 
the egg in a form known 
as the Zoaea (fig. 210). 

This larval form is 
characterised by the pre- 
sence of a large cephalo- 
thoracic shield usually 
armed with lateral, an- 
terior, and dorsal spines. 



Fio. 210. Zoa 5 AOFTHiAPOU'rA. (After'Claus.) 
inxp^, second niaxillipede. 

The caudal segments are well de- 

30 
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veloped, though without appetidages, and the tail, which functions 
in swimming, is tisually forked. The six posterior thoracic seg- 
ments are, on the other rudimentary or non-existent. There 
are seven anterior pairs of appendages shewn in detail in fig. 2i I, 
viz. the two pairs of antennae (At. I: and At. //.), neither of them 
used as swimming organs, the mandibles without a palp {md)^ 
well-developed maxilla (two pairs, mx i and mx 3), and two or 
sometimes (Macrura) three pairs of biramous natatory maxilli- 
(mxp i and mxp 2). Two lateral compound stalked eyes 
are . present, together with a median Nauplius eye. The heart 
has in the majority of cases only one or two (Brachyura) pairs of 
ostia. 


The Zoma larva, though typically developed in the Decapoda, 
is not always present (e.g. Astacus and Homarus), and some- 



Fig. 2CI. The Api^enuages of a Cuah ZoasA, 
first antenna ; IL second antenna; 7nd. mandible (without a palp); mx. 
r. first maxilla; mx. i, second maxilla; 7nxp. i. first maxilliped ; my. 2 . second 
maxilliped. 

ex. exopodite ; en. endopodite, 

times occurs in a very modified form. It makes its appearance 
in an altered garb in the ontogeny of some of the other groups. 

The two Malacostracan forms, amongst those so far studied, 
in which the phylogenetic record is most fully preserved in the 
ontogeny, are Euphausia amongst the Schizopods and Penieus 
amongst the Decapods. 

Schizopoda. Euphausia leaves the egg (Metschnikoff, No. 408—9) 
as a true Nauplius with only three pairs of appendages, the two hinder 
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biramous, and an unsegmented body. The second pair of antennas has not 
however the colossal dimensions so common in the lower types. A mouth is 
present, buPthe anus is undeveloped. 

After the first moult three pairs of prominences — the rudiments of the 
two maxillae and ist maxiilipeds arise behind the Naupliiis appendages 
(fig. 312). At the same time an anus appears between the two limbs of 
a rudimentary caudal foi-k ; and an unpaired eye and upper lip appear in 
front. After another moult (fig. 212) a lower lip is formed (f/Z) as a 
pair of prominences very similar to true appendages ; and a delicate 
cephalo-thoracic shield also becomes developed. Still later the cutting blade 
of the mandible is formed, and the palp (Nauplius appendage) is greatly 



Fig. 212. Nauplius of Euphausia. (From Claus ; after Metschnikoff ) 

The Nauplius is represented shortly before an ecdysis, and in addition to the 
proper appendages rudiments of the three following paii's are present. 

OL. upper lip; ZZ. lower lip; Md. mandible; Mx, and Mx". two pairs of 
maxilla:; ///f'. maxilliped i. 

reduced. The cephalo-thoracic shield grows over the front part of the 
embryo, and becomes characteristically toothed at its edge. There are also 
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two frontal papillfe very similar to those already described in the Phyllopod 
larvfe. Rudiments of the compound eyes make their appearance, and 
though no new appendages are added, those already present undergo further 
differentiations. They remain however very simple ; the maxillipeds 
especially are very short and resemble somewhat Phyllopod appendages. 

Up to this stage the tail has remained rudimentary and short, but 
after a further ecdysis (Claus) it grows greatly in length. At the same 
time the cephalo-thoracic shield acquires a short spine directed backwards. 
The larva is now in a condition to which Claus has given the name of 
Protozoaea (fig. 213 A). 

Very shortly afterwards the region immediately following the segments 
already formed becomes indistinctly segmented, while the tail is stiH with- 
out a trace of segmentation. The region of the thorax proper soon be- 
comes distinctly divided into seven very short segments, while at the same 
time the now elongated caudal region has become divided into its normal 
number of segments (fig. 213 B). By this stage the larva has become 



Fig. 213. LARvaJ of Euphausia. (After Claus.) From the .side. 

A. Protozoma larva. B. Zorea larva. 
v/JT'. and maxillae I and 2 j xnaxilliped r. 

a true Zotea— though differing from the normal Zoma in the fiict that 
the thoracic region is segmented, and in the absence of a second pair of 
maxillipeds. 

The adult characters are very gradually acquired in a series of suc- 
cessive moults ; the later development of Euphausia resembling in this 
respect that of the Phyllopods. On the other hand Euphausia differs from 
that group in the fact that the abdominal (caudal) and thoracic appendages 
develop as two independent series from before backwards, of which the 
abdominal series is the earliest to attain maturity. 
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This is shewn in the following table compiled from Claus’ observations. 


Length of Larva. 

Appendages of thoracic 
REGION ; viz, the and and 
3rd maxilliped and 5 ambu- 
latory appendages. 

Appendages of abdomen. 

mm. 

and maxilliped, rudimentary. 

1st abdominal appendage. 

3-I — 4 mm. 

and maxilliped, biramous. 

3rd rudimentary, 
ist and and ambulatory ap- 
pendages, rudimentary. 

and and 3rd abdominal ap- 
pendages. 

4th and 5th rudimentary. 

4 h — S mm. 

3rd maxilliped, biramous. 

4th, 5th, and 6th fully de- 
veloped. 

5— 5-i mm. 

3rd and 4th ambulatory ap- 
pendages. 


6 mm. 

5th ambulatory appendage. 



All the appendages following the second pair of maxilhe are biramous, 
and the first eight of these bear branched gills as their epipoclites. It is 
remarkable that the epipodite is developed on all the appendages anteriorly 
in point of time to the outer ramus (exopodite). 

Although in Mysis there is no free larval stage, and the development 
takes place in a maternal incubatory pouch, yet a stage may be detected 
which clearly corresponds with the Nauplius stage of Euphausia (E. van 
Beneden, No. 4(55), At this stage, in which only the three Nauplius 
appendages are developed, the Mysis embryo is hatched. An eedysis 
takes place, but the Nauplius skin is not completely thrown off, and 
remains as an envelope surrounding the larva during its later develop- 
ment. 

Decapoda, Among.st the Decapoda the larva usually leaves 
the egg in the Zotea form, but a remarkable exception to this 
general rule is afforded by the case of one or more species of 
Penaaus. Fritz Muller was the first to shew that the larva of 
these forms leaves the egg as a typical Nauplius, and it is 
probable that in the successive larval stages of these forms the 
ancestral history of the Decapoda is most fully preserved k 

The youngest known larva of Penaeus (fig. 214) has a some- 
what oval imsegmented body. There spring from it the three 
typical pairs of Nauplius appendages. The first is uniramous, 
the second and third are biramous, and both of them adapted 

^ I'he doubts which have been thrown upon Miiller’s observations appear to be 
(juite unfounded. 
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for swimming, and the third of them (mandibles) is without a 
trace of the future blade. The body has no carapace^ and bears 
anteriorly a single median simple eye. Posteriorly it is ]:)roduced 
into two bristles. 

After the first moult the larva has a rudiment of a forked 
tail, while a dorsal fold of skin indicates the commencement of 



B'ig. 314, Nauplios STAGE OF PENasus. (After Fritz Muller.) 

the cephalo-thoracic shield. A large provisional helmet-shaped 
upper lip like that in Phyllopods has also appeared. Behind 
the appendages already formed there arc stump-like rudiments 
of the four succeeding pairs (twm pairs of maxillm and two pairs 
of maxiilipeds) ; and in a slightly older larva the formation of 
the mandibular blade has commenced, together with the atrophy 
of the palp or Nauplius appendage. 

Between this and the next observed stage there is possibly a 
slight lacuna. The next stage (fig. 215) at any rate represents 
the, commencement of the Zoaea series. The cephalo-thoracic 
shield has greatly grown, and eventually acquires the usual 
dorsal spine. The posterior region of the body is prolonged 
into a tail, which is quite as long as the whole of the remainder 
of the body. The four appendages which were quite functioniess 
at the last stage have now sprouted into full activity, ".riic 
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region immediately be- 
hind them is divided (fig. 

215) into six segments 
(the six thoracic seg- 
ments) without appen- 
dages, while somewhat 
later the five anterior 
abdominal segments be- 
come indicated, but are 
equally with the thoracic 
segments without feet. 

The mode of appearance 
of these segments shews 
that the thoracic and 
abdominal segments de- 
velop in regular succes- 
sion from before back- 
wards (Claus). Of the 
palp of the mandibles, 
as is usual amongst Zojea 
forms, not a trace remains, 
though in the youngest 
Zoaea caught by Fritz 
Muller a very small rudiment of the palp was present. The 
first pair of antennae is unusually long, and the second pair 
continues to function as a biramous swimming organ ; the 
outer ramus is multiarticulate. The other appendages are fully 
jointed, and the two maxillipeds biramous. On the dorsal 
surface of the body the unpaired eye is still present, but on each 
side of it traces of the stalked eyes have appeared. P' rental 
sense organs like those of Phyllopods are also present. 

From the Protozoaea form the larva passes into that of a true 
Zoaea with the usual appendages and spines, characterised how- 
ever by certain remarkable peculiarities. Of these the most 
important are (i) the large size of the two pairs of antennae and 
the retention of its Nauplius function by the second of them ; 
(2) the fact that the appendages of the six thoracic segments 
appear as small biramous Schizopod legs, while the abdominal 
appendages, with the exception of the sixth, are still without 





" # 



Fig, 315. Protozo/TJa stage or Penaius. 
(After Fritz Muller.) 
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their swimming feet. The early appearance of the appendages 
of the sixth abdominal segment is probably correlated with 
their natatory function in connection with the tail. A.s a pehnt 
of smaller importance which may be mentioned is the fact that 
both pairs of maxillm are provided wdth small respiratory plates 
(exopodites) for regulating the flow of water under the dorsal 
shield. From the Zo<x'a form the larva passe.s into a Mysis or 
Schizopod stage (fig. 216), characterised by the thoracic feet and 
maxillipeds resembling in form and function the biramous feet 
of Mysis, the outer ramus being at first in many cases much 
larger than the inner. The gill pouches appear at the base of 
these feet nearly at the same time as the endopodites become 
functional. At the same time the antennae become profoundly 
modified. The anterior antennm shed their long hairs, and from 
the inner side of the fourth joint there springs a new process, 



Fig. 216 . PenjEus LARVA IN THE Mysis STAGE. (After Claus. ) 


which eventually elongates and becomes the inner flagellum. 
The outer ramus of the posterior antennai is reduced to a .scale, 
while the flagellum is developed from a stump-like rudiment of 
the inner ramus (Claus). A palp sprouts on the mandible and 
the median eye disappears. 

The abdominal feet do not appear till the commencement of 
the Mysis stage, and hardly become functional till its close. 

From the Mysis stage the larva passes quite simply into the 
adult form. The outer ramus of the thoracic feet is more or less 
completely lost. The maxillipeds, or the two anterior pairs at 
any rate, lose their ambulatory function, cutting plates develop 
on the inner side of their basal joints, and the two rami pcr.sist 
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as small appendages on their outer side. Gill pouches also 
sprout from their outer side. 

The respiratory plate of the second maxilla attains its full 
development and that on the first maxilla disappears ^ The 
Nauplius, so far as is known, does not occur in any other 
Decapod form except Penaeus. 

The next most primitive 
larval history known is 
that which appears in the 
Sergestidm. The larval 
history, which has been 
fully elucidated by Claus, 
commences with a Proto- 
zoma form (fig. 217), which 
develops into a remarkable 
Zoma first described by 
Dohrn as Elaphocaris. 

This develops into a form 
originally described by 
Claus as Acanthosoma, 
and this into a form known 
as Mastigopus (fig. 218) 
from which it is easy to 
pass to the adult. 

The remarkable Proto- 
zoma (fig. 217) is charac- 
terised by the presence on 
the dorsal shield of a fron- 
tal, dorsal and two lateral 

spikes, each richly armed (ELMurocARis). (After Claus.) 

with long side spines. The mxf. third pair of maxillipeds. 

normal Zoma appendages are present, and in addition to them a small third 
pair of maxillipeds. The thoracic region is divided into five short rings, but 
the abdomen is unsegmented. The tail is forked and provided with long 
spines. The antennm, like those of Penteus, are long — the second pair 
biramous ; the mandibles unpalped. Both pairs of maxillffl are provided 
with respiratory plates ; the second pair is footlike, and has at its base a 
glandular mass believed by Claus to be the equivalent of the Entomostracan 
shelhgland. The maxillipeds have the usual biramous characters. A 

^ From Claus’ observation-s (No. 448 ) it would appear that the respiratory plate 
is only the exopodite and not, as is usually stated, the coalesced exopodite and 
epipodite. Huxley in his Coviparativc Anatomy this point for embryological 

elucidation. 
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Fig. ai8. Mastigoi'us stage 
OF yERGESTHS. (From Claus.) 
Mf". maxillipecl 3. 

helmet-sliaped upper lip like 
that of a typical Natiplius is 
present, and the eyes are situa' 
ted on very long stalks. 

In the true Zoiea stage there 
appear on the five thoracic 
segments pouch-like biramous rudiments of the limbs. The 
tail becomes segmented j but the segments, with tlie 
exception of the sixth, remain without appendages. On 
the sixth a very long bilobed pouch appears as the com- 
mencement of the swimming feet of this segment. The 
segments of the abdomen are armed with lateral spines- 
From the Zoma stage the larva passes into the form 
known as Acanthosoma, which represents the Mysis stage 
of Penmus. The complex spikes on the dorsal shield of 
the Zoma stage are reduced to simple spines, but the 
spines of the tail still retain their full size. In the appendages the chief 
changes consist (i) in the reduction of the jointed outer ramus of the 
second pair of antcnncC to a stump representing the scale, and the elon- 
gation of the inner one to the flagellum ; (2) in the elongation of the five 
ambulatory thoracic appendage.s into biramous feet, like the maxillipcds, 
and in the sprouting forth of rudimentary abdominal feet. 
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The most obvious external indica- 
tions of the passage from the Acantho- 
soina to the Mastigopus stage (fig. 218) 
ai'e to be found in the elongation of the 
abdomen, the i-eduction and flattening 
of the cephalo-thoracic shield, and the 
nearly complete obliteration of all the 
Spines but the anterior. The eyes on 
their elongated stalks are still very 
characteristic, and the elongation of 
the flagellum of the second pair of 
antennee is very striking. 

The maxilla and maxillipeds un- 
dergo considerable metamorphosis, the 
abdominal feet attain their adult form, 
and the three anterior thoracic ambu- 
latory legs lose their outer rami. The 
most remarkable change of all conceras 
the two last pairs of thoracic appen- 
dages, which, instead of being meta- 
morphosed like the pi'eceding ones, are 
completely or nearly completely thrown 
off in the moult which inaugurates the 
Mastigopus stage, and are subsequently 
redeveloped. With the reappearance 
of these appendages, and the changes 
in the other appendages already indi- 
cated, the adult form is practically 
attained. 



Fig. 219. Larva of Hipfolyte 
IN Zo/EA STAGE. (From Claus.) 

yj/x'. and Mx". maxillEe r and 2; 
Mf. Mf. Mf\ maxillipeds. 



Fig. 220. Older larva of Hifpoi.yte after the thoracic appendages have 
BECOME FORMED. (From Claus.) 
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With reference to the development of the majority of the 
Carabidai, Penjeinae, Palsemoninae, Grangonin®, it may be stated 
generally that they leave the egg in the Zosea stage (fig. 219) 
with anterior appendages up to the third pair of maxillipeds. 
The thorax is unsegmented and indeed almost unreprc.senled, 
but the abdomen is long and divided into distinct segments. 
Both thoracic and abdominal appendages are absent, and the 
tail is formed by a simple plate with numerous bristles, not 
forked, as in the case of the Zosea of Fritz Muller’s Peneeus and 
Sergestes. A dorsal spine is frequently found on the second 
abdominal segment. From the Zoasa form the embryo passes 
into a Mysis stage (fig. 220), during which the thoracic ap- 
pendages gradually appear as biramous swimming feet; they 



Fig. 221. Newly-hatched larva of the American Lobster. (After Smith.) 
are all developed before any of the abdominal appendages, 
except the last. In some cases the development is still further 
abbreviated. Thus the larva; of Crangon and Palmmonetes 
(Faxon, No. 476 ) possess at hatching the rudiments of the two 
anterior pairs of thoracic feet, and Palmmon of three pairs*. 

Amongst the other Macrura the larva generally leaves the 
egg as a Zoma similar to that of the prawns. In the case of the 

has {ZoologtscAer Anzeigtr, No. 52 ) (.k.scril)«l a still aiorc 

abbreviated development of a Palmmon living in brooks near Blumenau. 
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Thalassinid?£ and Paguridse a Mysis stage has disappeared. 
The most remarkable abbreviations of the typical development 
are presented on the one hand by Homarus and Astacus, and on 
the other by the Loricata. 

The development of Homarus has been fully worked out by S. J, Smith 
(No. 491) for the American lobster (Homai'us americanus). The larva (fig. 
22 1 ) leaves the egg in an advanced Mysis stage. The cephalo-thoracic 
shield is fully developed, and armed with a rostrum in front. The first pair 
of antennje is unjointed but the second is biramous, the outer ramus forming 
a large Mysis-like scale. The mandibles, which ai'e palped, the maxillae, 
and the two anterior maxillipeds differ only in minor details from the same 
appendages of the adult. The third pair of maxillipeds is Mysis-like and 
biramous, and the five ambulatory legs closely resemble them, the endopo- 
dite of the first being imperfectly chelate. The abdomen is well developed 
but without appendages. The second, thii*d, fourth and fifth segments are 
armed with dorsal and lateral spines. 

In the next stage swimming feet have appeared on the second, third, 
fourth and fifth abdominal segments, and the appendages already present 
have approached their adult form. Still later, when the larva is about half 
an inch in length, the approach to the adult form is more marked, and the 
exopodites of the ambulatory legs though present are relatively much 
reduced in size. The swimmcrets of the sixth abdominal segment are 
formed. In the next stage observed the larva has entirely lost its Schizopod 
characters, and though still retaining its free swimming habits differs from 
the adult form only in generic characters. 

As has been already stated, no free larval stages occur in the develop- 
ment of Astacus, but the young is hatched in a form in which it differs only 
in unimportant details from the adult. 

The peculiar larval form of the Loricata (Scyllarus, Palinurus) has long 
been known under the name Phyllosoma (fig. 222 C), but its true nature was 
first shewn by Couch (No. 474) [Couch did not however recognise the 
identity of his larva with Phyllosoma ; this was first done by Gerstiicker] 
and shortly afterwards by Gerbe and Coste. These observations were 
however for a long time not generally accepted, till Dohrn (No. 477) 
published his valuable memoir giving an account of how he succeeded in 
actually rearing Phyllosoma from the eggs of Scyllarus and Palinurus, and 
shewing that some of the most remaidcable features of the metamorphosis of 
the Loricata occur before the larva is hatched. 

The embryo of Scyllarus in the egg first of all passes through the usual 
Nauplius stage, and then after the formation of a cuticle develops an 
elongated thoracico-abdominal region bent completely over the anterior 
part of the body. There appear moreover a number of appendages and the 
rudiments of various organs ; and the embryo passes into a form which may 
be described as the embryonic Phyllosoma stage. In this stage there are 
present on the anterior part of the body, in front of the ventral flexure, two 
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pairs of antennEe, mandibles, two pairs of maxillse, the second commencing 
to be biramous, and a small stump representing the first pair of maxilUpeds. 
The part of the body bent over consists of a small quadrate caudal plate, 
and an appendage-bearing region to which are attached anteriorly three 
pairs of biramous appendages — the second and third maxillipeds, and the 
anterior pair of ambulatory legs — and two pairs of undivided appendages — 
the second and third pairs of ambulatory legs. In a slightly later stage the 
first pair of maxills becomes biramous, as also does the first pair of maxilli- 
peds in a very rudimentary fashion. The second and third pairs of ambu- 
latory legs become biramous, while the second and third xnaxilliped nearly 
completely lose their outer ramus. Very small rudiments of the two hinder 
ambulatory legs become formed. If the embryo is taken at this stage {^ide 
fig. 222 A, which represents a nearly similar larva of Palinurus) out of the 
egg, it is seen to consist of (t) an anterior enlargement with a vaulted dorsal 
shield enclosing the yolk, two stalked eyes, and a median eye ; (2) a thoracic 
region in which the indications of segmentation are visible with the two 



Fig. 222. Larvae OF THE Loricata. (After Claus.) 


A. Embryo of Palinurus shortly before hatching. 

B. Young Phyllosoma larva of Scyllams, without the first maxilliped, the two 
last thoracic appendages, or the abdominal appendages. 

C. Fully-grown Phyllosoma with all the Decapod appendages. 

at\ antenna of first pair ; afi. antenna of second pair ; md. mandible j mx\ fir.st 
maxilla; mx^. second maxilla; mxp^—mxf. maxillipeds; thoracic 

appendages. 

posterior pairs of maxillipeds (mxp^ and mxp^) and the ambulatory legs (/i'); 
(3) an abdominal region distinctly divided into segments and ending in a fork' 
Beforc the embryo becomes hatched the first fair of maxillipeds becomes 
reduced in size and finally vanishes. The second pair of rnaxilhc becomes 
reduced to simple stumps with a few bristles, the second pair of antemuu 
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also appears to undergo a retrogressive change, while the two last thoracic 
segments cease to be distinguishable. It thus appears that during embryonic 
life the second pair of antenncC, the second pair of maxilte, and the second 
and third pair of maxillipeds and the two hinder ambulatory appendages 
undergo retrogressive changes, while the first pair of maxillipeds is completely 
obliterated ! 

The general form of the larva when hatched (fig. 222 B) is not very 
different from that which it has during the later stages within the egg. The 
body is divided into thi'ee regions : (i) an anterior cephalic ; (3) a middle 
thoracic, and (3) a small posterior abdominal portion ; and all of them ai-e 
characterised by their extreme dorso-ventral compression, so that the whole 
animal has the form of a three-lobed disc, the strange appearance of which 
is much increased by its glass-like transparency. 

The cephalic portion is oval and projects slightly behind so as to overlap 
the thorax. Its upper surface constitutes the dorsal shield, from which there 
spring anteriorly the two compound eyes on long stalks, between which is a 
median Nauplius eye. The mouth is situated about the middle of the under 
surface of the anterior disc. It leads into a stomach from which an anterior 
and a lateral hepatic diverticulum springs out on each side. The former 
remains as a simple diverticulum through larval life, but the latter becomes 
an extremely complicated glandular structure. 

, At the front border of the disc is placed the unjointed but elongated 
first pair of antennm Externally to and behind these there spx'ing the 

short posterior antennte («/-). At the base of which the green gland is 
already formed. Surrounding the mouth are the mandibles (md) and anterior 
pair of maxilke and some distance behind the second pair of maxilUe 
{mx% consisting of a cylindrical basal joint and short terminal joint armed 
with bristles. The first pair of maxillipeds is absent. 

The thoracic region is formed of an oval segmented disc attached to the 
undersurface df the cephalic disc. From its fi'ont segment arises the second 
pair of maxillipeds (m.rp") as single five-jointed appendages, and from the 
next segment springs the five-jointed elongated but uniramous third pair 
of maxillipeds {mxp% and behind this there arise three pairs of six-jointed 
ambulatory appendages (/;'•, of which only the basal joint is represented 
in the figure) with an exopodite springing from their second joint. The two 
posterior thoracic rings and their appendages cannot be made out. 

The abdomen is reduced to a short imperfectly segmented stump, ending 
in a fork, between the prongs of which the anus opens. Even the youngest 
larval Phyllosoma, such as has just been described, cannot be compared with a 
Zoma, but belongs i-ather, in the possession of biramous thoracic feet, to a 
Mysis stage. In the forked tail and Nauplius eye there appear however to 
be certain very primitive characters carried on to this stage. 

The passage of this young larva to the fully formed Phyllosoma (fig. 
222 C) is very simple. It consists essentially in the fresh development of 
the first pair of maxillipeds and the two last ambulatory appendages, the 
growth and segmentation of the abdomen, aird the sprouting on it of biramous 
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swimming feet. In the course of these changes the larva becomes a true 
Decapod in the arrangement and number of its appendages ; and indeed it 
was united with this group before its larval character was made out. In 
addition to the appearance of new appendages certain changes take place in 
those already present. The two posterior maxillipcds, in the Paliniinis 
Phyllosoma at any rate, acquire again an exopodite, and together with the 
biramous ambulatory feet develop epipodites in the form of gill pouches. 

The mode of passage of the Phyllosoma to the adult is not known, but 
it can easily be seen from the oldest Phyllosoma forms that the dorsal 
cephalic plate grows over the thorax, and gives rise to the cephalo-thoracic 
shield of the adult. 

There are slight structural differences, especially in the antennas, between 
the Phyllosoma of Scyllarus and that of Palinurus, but the chief difference 
in development is that the first pair of maxillipeds of the Palinurus embryo, 
though reduced in the embryonic state, does not completely vanish, at any 
rate till after the free larval state has commenced ; and it is doubtful if 
it does so even then. The freshly hatched Palinurus Phyllosoma is very 
considerably more developed than that of Scyllarus. 


Bmchyura, All the Brachyura, with the exception of one or 
more species of land crabs^ leave the egg in the Zonea condition, 
and though there are slight variations of structure, yet on the 



A(./. first antenna; At//, second antenna; m/. mantlihle (without a palp) • »/.r. 
I. first maxilla; second maxilla; mx. 3. third maxilla ; wj-yi. 1. first maxilliped ; 
mx/. 2. second maxilhped. 1 j 


exopodite ; w. endopodite, 

\UioIe the Crab Zotea is a very well marked form, Immediately 
after leaving the egg (fig. 210) it has a somewhat oval shape 
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with a long distinctly-segmented abdomen bent underneath the 
thorax. The cephalo-thoracic shield covers over the front part 
of the body, and is prolonged into a long frontal spine pointing 
forwards, and springing from the region betw^een the two eyes ; 
a long dorsal spine pointing backwards ; and two lateral spines. 

To the under surface of the body are attached the anterior 
appendages up to the second maxilliped, while the six following 
pairs of thoracic appendages are either absent or represented 
only in a very rudimentary form. The abdomen is without 
appendages. 

The anterior antennae are single and unjointed, but provided 
at their extremity with a few olfactory hairs (only two in 
Carciniis Moenas) and one or two bristles. The rudiment of the 
secondary flagellum appears in very young Zoa^ae on the inner 
side of the anteiinules (fig, 223 At. /.). The posterior antennae 
are without the flagellum, but are provided with a scale repre- 
senting the exopodite (fig. 223 At. 11. and usually a spinous 



Fig. 124 .. Crau Zo/ea after the third pair of maxidlipeds and the 

THORACIC AND ARDOMINAL APPENDAGES HAVE BECOME DEVELOPED. 

afl. antenna of first pair ; afi. antenna of second pair ; mx'-. first maxilla ; 
.second maxilla ; nixp'^. first maxilliped ; /nxp^. second maxilliped ; mxp'^. third max- 
illiped ; oc. eye ; /it heart. 

process. The flagellum is very early developed and is repre- 
sented in fig. 223, At. II , e;i. The mandibles {md) are large but 
without a palp. The anterior maxillae {mx i) have a .short two- 
jointed endopodite (palp) with a few hairs, and a basah portion 
B. Ii. 31 
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with two blades, of which the distal is the largest, both aimed 
with stiff bristles. The posterior rnaxillm have a small icspiia- 
tory plate (exopodite), an endopodite (palp) shaped like a 
double blade, and two basal joints each continued into a double 
blade. The two maxillipeds {inxp i and vixp 2) have the form 
and function of biramous swimming feet The exopodite of 
both is two-jointed and bears long bristles at its extremity; the 
endopodite of the anterior is five-jointed and long, that ol the 
second is three-jointed and comparatively short. 

In the six-jointed tail the second segment has usually two 
dorsally directed spines, and the three succeeding segments each 
of them two posteriorly directed. The telson or swimming plate 
is not at first separated from the sixth segment ; on each side it 
is prolonged into two well-marked prongs ; and to each prong 
three bristles are usually attached (fig. 224). The heart (fig. 
224 /it) lies under the dorsal spine and is prolonged into an 
anterior, posterior, and dorsal aorta. It has only two pairs of 
venous ostia. 

Dui'ing the Zoma stage the larva rapidly grows in size, and 
undergoes considerable changes in its appendages which reach 
the full Decapod number (fig. 224). On both pairs of antenme 
a flagellum becomes developed and grows considerably in length. 
Before the close of the Zoaea condition a small and unjointed 
palp appears on the mandible. Behind the second maxillipcd 
the third maxilliped {mxp^) early appears as a .small biramous 
appendage, and the five ambulatory feet become di.slinctly 
formed as uniramous appendage.s— the exopodites not being 
present. The third pair of maxillipeds and three following 
ambulatory appendages develop gill pouches. The abdominal 
feet are formed on the second to the sixth scgrnent.s of the tail 
as simple pouches. 

The oldest Zoaea is transmuted at its moult into a form 
known as Megalopa, which is really almost identical with an 
anomurous Decapod. No Schizopod stage is intercalated, which 
shews that the development is in many respects greatly abbrevi- 
ated. The essential characters of the Megalopa are to be found 
in (i) the reduction of the two anterior maxillipeds, which 
cease to function as swimming feet, and together with th.e 
appendages in front of them as.sume the adult form ; (2) the full 
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functional development of the five ambulatory appendages ; 
(3) the reduction of the forked telson to an oval swimming 
plate, and the growth in size of the abdominal feet, which 
A become large swimming plates and are at the same time 
provided with short endopodites which serve to lock the feet of 
the two sides. 

With these essential characters the form of the Megalopa differs con- 
siderably in different cases. In some instances {e.g. Carcinus moenas) the 
Zoasa spines of the youngest Megalopa are so large that the larva appears 
almost more like a ZoEsa than a Megalopa (Spence Bate, No. 470). In other 
cases, e.g. that represented on fig. 225, the ZoEea spines are still present but 
much reduced; and the cephalo-thoracic shield has very much the adult 
form. In other cases again \e.g. Portunus) the Zosea spines are completely 
thrown off at the youngest Megalopa stage. 

There is a gradual passage from the youngest Megalopa to 
the adult form by a series of moults. 

Some of the brachyu- 
rous Zoma forms exhibit 
considerable divergences 
from the described type, 
more espcially in the ar- 
mature of the shield. In 
some forms the spines are 
altogether absent, e.g. Maja 
(Couch, No. 474) and Eu- 
rynome. In other forms 
the frontEil spine may be 
much reduced or absent 
(Inachus and Achmus). 

The dorsal spine may also 
be absent, and in one form 
described by Dohrn (No. 

478) there is a long frontal 
spine and two pairs of 
latei-al spines, but no dorsal 
spine. Both dorsal and 
frontal spines may attain enormous dimensions and be swollen at their extre- 
mities (Dohrn). A form has been described by Claus as Pterocaris in which 
the cephalo-thoi-acic shield is laterally expanded into two wing-like processes. 

The Zotea of Porcellana presents on the whole the most remarkable 
peculiarities and, as might be anticipated from the systematic position of the 
adult, is in some respects intermediate between the maenmous Zoma and that 
of the Brachyura. It is characterized by the oval form of the body, and by 

31-“ 3 
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the presence of one enormously long frontal spine and two posterior spines. 
The usual dorsal spine is absent. The tail plate is rounded and hai; Ihe 
character of the tail of a macrurous Zoma, but in the young Zoasi the third 
pair of maxillipeds is absent and the appendages genendly have a liracliyu 
rous character. A Megalopa stage is hardly represented, since the adult 
may almost be regarded as a permanent Mcgalopa. 

Stomatopoda. The history of the larval forms of the Htoumto)>ot 1 a, 
(Squilla etc.) has not unfortunately been thoroughly worked <mt, but what is 
known from the researches of Fritz Muller (No, 4{)r)) and Claus (No. lU-t) is 
of very great importance. There are it appears two types, both of whicli 
used to be described as adult forms under the respective name.s ICrichthus 
and Alima. 

The youngest known Erichthus form is about two itiiUimetres in length, 
and has the characters of a modified Zosea (fig. 226). The l)ody is divided 
into three regions, an anterior unsegmented region to which are attached 
two pairs of antennte, mandibles, and maxilke (two pairs). This portion 
has a dorsal shield covering the next or middle region, which con.sists of 
five segments each with a pair of biramous appendages. 'I'liese appendages 
represent the five maxillipeds of the adult*. 'I'lic portion of the Vtody 
behind this is without appendages. It consists of throe short anterior 
segments,— the three posterior thoracic segments of the adult,-' and a long 
unsegmented tail. The three footless thoracic segment.s are covered by the 
dorsal shield, both pairs of antennm are uniramous and comparatively 
short. The mandibles, like those of Phyllopods, are without palps, and the 
two following pairs of maxiihe are small. The five maxillipeds have the 
characters of normal biramous Zoma feet. From the front of the head 
spring a pair of compound eyes with short stalks, which grow longer 
in the succeeding stages ; between them is a median eye. 'The dcjraal 
shield is attached just behind this eye, and is jn-uvided, a.s in the typical 
Zoma, with a frontal spike--while its hinder border is produced into two 
lateral spikes and one median. In a larva of about three millimctrc.s a pair 
of biramous appendages arises behind the throe footless lIioni(;i(^ segiiumlH. 
It is the anterior pair of ab- 
dominal feet (fig, 226). The 
inner ramus of the second pair 
of maxillipeds soon grows 
greatly in length, indicating 
its subsequent larger size and 
prehensile form (fig. 227 g). 

When the larva after one or 
two moults attains a length 
of six millimetres (fig. 227) 
the abdomen has six segments 



Fig, aafi. Skcond .st.a.ge ok l-luicirnn ' 

LARVA OKSqUIU.A WITH KIVE MAXU.I.U'KI )S ,\NI 
'mE FIRST FAIR OF AlUioMlNAl, ,\!'FKS' 1 > V JF'-I 

(from Claus.) 


* These live maxillipeds corre-spond with the three uuixillmetls and iw.. 

ambulatory appendages of the Decapoda. 
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(the sixth hardly diffei'entiated), each with a pair of appendages (the two 
hindermost still rudimentary) which have become gradually developed from 
befoi-e backwards. The three hindermost thoracic segments are still without 
appendages. 

Some changes of importance have occurred in the other parts. Both 
antenna; have acquired a second flagellum, but the mandible is still without 


Fu.5. 227. Advanced Erichthus larva of Squilla with five pairs of 
ABDOMINAL APPENDAGES. (From Claus.) 

f, finst maxilliped 5 g, second maxilliped. 

a palp. The first and second pair of maxillipeds have both undergone 
important modifications. Their outer ramus (exopodite) has been thrown 
off, and a gill-plate (cpipodite) has appeared as an outgrowth from ' their 
basal joint. Each of them is composed of six joints. The three following 
biramous appendages have retained their earlier characters but have become 
much reduced in size. In the subsequent moults the most remarkable new 
features concern the three posterior maxillipeds, which undergo atrophy, and 
are either completely lost or reduced to mere unjoluted sacks (fig. 228). In 




Fig. 228. Advanced Erichthus larva of Squili.a when the 'I'hrei'’. 

POSTERIOR MAXILLIPPms HAVE BECOME REDUCED TO MINUTE POUCHES. 

(From Claus.) 

the stage where the complete Erichthus type has been reached, these 
three appendages have again sprouted forth in their permanent form and 
each of them is provided with a gill-sack on its coxal joint. Behind them 
the three ambulatory appendages of the thorax have also appeared, first 
as simple buds, which subsequently however become biramous. On their 
development the full number of adult appendages is acquired. 

The most noteworthy points in the developmental history detailed above 
are the following : 

( i) The tlioracic and abdominal segments (apart from their appendages) 
develop successively from before backwards. 
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( 2 ) The three last maxillipcds develop before the abdominal iVot, as 
biramous appendages, but subsequently completely atrophy, ami. tium spioiil 
out again in their permanent form. 

( 3 ) The abdominal feet develop in succession from Ijcfore backward;;, 
and the whole series of them is fully formed before a truce of the a))p(;m 1 :ij;(‘;; 
of the three hindermost thoracic segments has apjK'Ured. It maj’ be 
mentioned as a point of some importance that the Zoa-a of .Sciuilia ha;; 
an elongated many-chambered heart, and not the short cf)mpaeL heart 
usually found in the Zoma. 

The younger stages of the Alima larva ai'e not known', but the earliest 
stage observed is remarkable for presenting no trace of the three posterior 
pairs of maxillipeds, or of the three following pairs of thoracic appendages. 
The segments belonging to these appendages are however well developed. 
The tail has its full complement of segments with the normal number of 
well developed swimming feet. The larva represents in fact the stage of 
the Erichthus larva when the three posterior pairs of maxillipeds have 
undergone atrophy ; but it is probable that these appendages never become 
developed in this form of lai'va. 

Apart from the above peculiarities the Alima form of larva closely 
resembles the Erichthus form. 

Nebaliadae. The development of Nebalia is abbrevisited, but from 
Metschnikoff’s figures'' may be seen to resemble closely that of My.sis. 
The abdomen has comparatively little yolk, and is bent over the ventral 
surface of the thorax. There is in the egg a Nauplius stage with three 
appendages, and subsequently a stage with the Zoiea appendages. 

The larva when it leaves the egg has the majority of its appendages 
formed, but is still enveloped in a larval skin, and like Mysis bends its 
abdomen towards the dorsal side. When the larva is finally hatched it docs 
not differ greatly from the adult. 

Cumacese. The development of the Cumaceie takes place for the 
most part within the egg, and has been shewn by Dohrn (No. 41)0) to 
resemble in many points that of the Isopods. A dorsal organ is present, 
and a fold is formed immediately behind this which gives to the embryo a 
dorsal flexure. Both of these features are eminently characteristic of the 
Isopoda. 

The formation of the two pairs of antennm-, mandibles, and two iiairs 
of maxillm and the following seven pairs of appendages takes place very 
early. The pair of appendages behind the second inaxilku assumes an 
ambulatory form, and exhibits a Schizopod character very early, differing 
in both these respects from the homologous appendages in the Isopoda. 
The cephalo-thoracic shield commences to be formed when the appejidages 
are still quite rudimentary as a pair of folds in the maxillary region. 'J’hc 

^ The observations of Brooks (No. 493) render it probalfle that the Ahum larva 
leaves the egg in a form not very dissimilar to the youngest known larva. 

“ His paper is unfortunately in Russian. 
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eyes are formed slightly later on each side of the head, and only coalesce at 
a subsequent period to form the peculiar median sessile eye of the adult. 

The two pairs of appendages behind the second maxillm become con- 
verted into maxillipeds, and the exopodite of the first of them becomes the 
main ramus, while in the externally similar second maxilliped the exopodite 
atrophies and the endopodite alone remains. 

The larva is hatched without the last pair of thoracic limbs or the 
abdominal appendages (which are never developed in the female), but in 
other respects closely resembles the adult. Before hatching the dorsal 
flexure is exchanged for a ventral one, and the larva acquires a character 
more like that of a Decapod. 


COPEPODA. 

Natantia. The free Copepoda are undoubtedly amongst 
the lowest forms of those Crustacea which are free or do not 
lead a parasitic existence. Although some features of their 
anatomy, such for instance as the frequent absence of a heart, 
may be put down to a retrogressive development, yet, from their 
retention of the median frontal eye of the Nauplius as the sole 
organ of vision \ their simple biramous swimming legs, and other 
characters, they may claim to be very primitive forms, which 
have diverged to no great extent from the main line of Crus- 
tacean development. They supply a long series of transitional 
steps from the Nauplius stage to the adult condition. 

While still within the egg-shell the embryo is divided by two 
transverse constrictions into three segments, on which the three 
Nauplius appendages are developed, viz. the two pairs of 
antenn.'e and the mandibles. When the embryo is hatched the 
indication of a division into .segments has vanished, but the 
larva is in the fullest sense a typical Nauplius^ There are 
slight variations in the shape of the Nauplius in different genera, 
but its general form and character are very constant. It has 
(fig, 229 A) an oval unsegmented body with three pairs of 
appendages springing from the ventral surface. The anterior of 
these {at i) is uniramous, and usually formed of three joints 
which bear bri.stles on their under surface. The two posterior 

^ The Pontelliche form an exception to this .statement, in that they are provided 
with paired lateral eyes in addition to the median one. 

“ The term Nauplius was applied to the larva of Cyclops and allied organisms liy 
O. F. Mtiller under the impi-ession that they were adult .rurm.s. 
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pairs of appendages are both biramous. The second pair of 
anteniue {al 2 ) is the largest. Its basal portion (prtitopodile) 
bears on its inner side a powerful hook-like bristle. 1'he outt;r 
ramus is the longest and many-jointed ; the inner ramus lias 
only two joints. The mandibles though .smaller than the 

second pair of antenna, have a nearly identical .structure, bio 
blade-like projection is as yet developed on their prtitopodile. 
Between the points of insertion of the first pair of anlcnme is 
the median eye [oc), which originates by the coalescence of two 
distinct parts. The mouth is ventral, and placed in the middle 
line between the second pair of antennae and the mandibles : it 



Fig. 229, yUCCIiSSIVE stages in the DKVEI.UPMENT ok CYCI.OJ’.S TKNUU'DKNlS. 
(Copied from lironn ; after Claus.) 

A. B. and C. Nauplius stages. D. Youngest Copepod stage, lii tliis figure nuixillie 
and the two rami of the maxilliped arc seen immediately behind the niandihle uni. 
oc. eye; tti\ first pair of antenme; afl. second pair of antemue ; ;//</. mandilile ; 
p\ first pair of feet ; second pair of feet ; fK thii-d pair of feet ; u. I'xcrelory con- 
cretions in the intestine. 

is provided with an impaired upper lip. There are two bristles 
at the hind end of the embryo between which the anus is placed, 
and in some cases there is at this part a slight indication of the 
future caudal fork. 

The larva undergoes a number of succc.ssivc ccdy.scs, at eadi 
of which the body becomes more elongated, and certain tdhor 
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changes take place. First of all a pair of appendages arises 
behind the mandibles, which form the maxillae (fig. 229 B) ; at 
the same time the basal joint of the maxillae develops a cutting- 
blade. Three successive pairs of appendages (fig. 229 C) next 
become formed — the so-called maxillipeds (the homologues of 
the second pair of maxillae), and the two first thoracic limbs. 
Each of these though very rudimentary is nevertheless bifid. 
The body becomes greatly elongated, and the caudal fork more 
developed. 

Up to this stage of development the Nauplius appendages 
have retained their primitive character almost unaltered ; but 
after a few more eedyses a sudden change takes place ; a cephalo- 
thoracic shield becomes fully developed, and the larva comes to 
resemble in character an adult Copepod, from which it mainly 
differs in the smaller number of segments and appendages. In 
the earliest ‘Cyclops’ stage the same number of appendages are 
present as in the last Nauplius stage. There (fig. 229 D) i.s a 
well developed cephalo-thorax, and four free segments behind it. 
To the cephalo-thoracic region the antennre, mandibles, maxillm, 
the now double pair of maxillipeds (derived from the original 
single pair of appendages), and first pair of thoracic appendages 
[p'-) are attached. The second pair of thoracic appendages 
is fixed to the first free segment, and the rudiment of a third 
pair (/") projects from the second free segment. The first pair 
of antennae has grown longer by the addition of new joints, and 
continues to increa.se in length in the following eedyses till it 
attains its full adult development, and then forms the chief 
organ of locomotion. The second pair of antenn.-e is much 
reduced and has lost one of its rami. The two rami of the 
mandibles are reduced to a simple palp, while the blade has 
assumed its full importance. The maxilhe and following appen- 
dages have greatly increased in size. They are all biramous, 
though the two rami are not as yet jointed. The adult state is 
gradually attained after a number of successive eedyses, at 
which new segments and appendages are added, while new 
joints are formed for those already present. 

Parasita. The earliest developmental stages of the parasitic types 
of Copepoda closely resemble those of the free forms, but, as might be 
expected from the peculiarly modified forms of the adult, they present a 
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large number of secondary characters. So for as is known a, more or less 
modified Nauplius larva is usually preserved. 

The development of Achthcres pcrcarum, one of the Lern;eopoda parasitic 
in the mouth, etc. of the common Perch, may be selected to ilhiHtralo llu; 
mode of development of these forms. The larva leaves the egg as a mueh 
simplified Nauplius (fig. 230 A). It has an oval body with only the two 
anterior pairs of Nauplius appendages; both of them in the nuHiue.ntary 
condition of unjointed rods. The usual median eye is present, and there is 
also found a peculiar sternal papilla, on which opens a .spiral canal IIIUhI 
with a glutinous material, which is probably derived from a gland which 
disappears on the completion of the duct. The probable function of ihi.s 



Fig. 230. SUCCKSSIVE stages in the DHVEI.OI'MENT oE AcHTHEKEs I'EUi'AIU .m. 

(Copied from Pirunn ; after Clau-s.) 

A, Modified Nauplius .stage. 15 . Cydop.s .stage. C. J.ate .stage of male 
embryo, D, Sexually mature female. E, Se.\ually mature male. 

a(^. first pair of antenna:; at'K second pair of anlemue; nuL mandible ; wa. 
maxillm ; pm^. outer pair of maxillipeds ; pm\ inner pair of ma.xillipeds ; pK pair 
of legs; /-b second pair of legs ; xr. frontal organ; /, intestine; 0. larval eye; A. 
glandular body ; L organ of touch ; ovary ; /. rod projecting from coalesced maxil- 
lipcds; g. cement gland; rs. receptaculiun seminis; iu nervous .system ; tc. teidis; is 
vas deferens. 

organ is to assist at a later period in the attachment of the parasite to its 
host. Underneath the Nauplius skin a number of appendagc.s arc visible, 
which become functional after the first eedysis. This lnke.s place within :i 
few hours after the hatching of the Nauplius, and the larva then passes froin 
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this rudimentary Naupli'us stage into a stage corresponding with the Cyclops 
stage of the free forms (fig. 330 B). In the Cyclops stage the larva has an 
elongated body with a large cephalo-thoracic shield, and four free posterior 
segments, the last of which bears a foi-ked tail. 

There are now present eight pairs of appendages, viz. antennm (two 
pairs), mandibles, maxilke, maxillipeds, and three pairs of swimming feet. 
The Nauplius appendages are greatly modified. The first pair of antennm is 
three-jointed, and the second biramous. The outer ramus is the longest, and 
bears a claw-like bristle at its extremity. This pair of appendages is used 
by the lai'va for fixing itself. The mandibles are small and connected with 
the proboscidiform mouth ; and the single pair of maxilljc is small and palped. 
The maxillipeds (//«’ and are believed by Claus to be primitively 
a single biramous appendage, but early appear as two distinct structures^, 
the outer and larger of which becomes the main organ by which the larva is 
fixed. Both ax‘e at this stage simple two-jointed appendages. The two 
anterior pairs of swimming feet have the typical structure, and consist of a 
protopodite bearing an unjointed exopodite and endopodite. The first pair 
is attached to the ccphalo-thorax and the second {p") to the first free thoracic 
segment. The third pair is very small and attached to the second free 
segment, 'rhe mouth is situated at the end of a kind of proboscis formed 
by prolongations of the upper and lower lips. The alimentary tract is fairly 
simple, and the anus opens between the caudal forks. 

Between this and the next known stage it is quite possible that one 
or more may intervene. However this may be the larva in the ne.xt stage 
observed (fig. 230 C) has already become parasitic in the mouth of the Perch, 
and has acquired an elongated vermiform aspect. The body is divided into 
two sections, an anterior unsegmented, and a jxostcrior formed of five 
segments, of which the foremost is the first thoracic segment which in the 
earlier stage was fused with the cephalo- thorax. The tail bears a rudiraen- 
taiy fork between the prongs of which the anus opens. The swimming feet 
have disappeared, so also has the eye and the spiral duct of the embryonic 
frontal organ. The outer of the two divisions of the maxilliped have under- 
gone the most important modification, in that they have become united at 
their ends, where they form an organ from which an elongated rod (/) 
projects, and attaches the larva to the mouth or gills of its host. The 
antennm and jaws have nearly acquix'ed their adult form. The nervous 
system consists of supra- and infra-msophageal ganglia and two lateral 
trunks given off from the latter. At this stage the males and females can 
already be distinguished, not only by certain differences in the rudimen- 
tary generative organs, but also by the fact that the outer branch of the 
maxillipeds is much longer in the female than in the male, and projects 
beyond the head. 

In the ne.xt eedysis the adult condition is reached. The outer maxilli- 

1 Van Beueden (No. 60(5) in the genera investigated by him finds that the two 
maxillipeds arc really distinct pairs of appendages. 
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peds of the male (fig. 230 separate again; while in the female ((ig. 

230 D) they remain fused and develop a sucker. The male is only alunil 
one-fifth the length of the female. In both sexes the abdomen is much 
reduced. 

In the genera Anchorella, Lernmopoda, Brachiella and Ilc.ssia, hd. van 
Bcncden (No. 506) has shewn that the embryo, although it passes throng,] 1 
a crypto-Nauplius stage in the egg, is when hatched already in the Cyclop.s 
stage. 

Branchiura. The peculiar parasite Argulus, the affinities of which 
with the Copepoda have been demonstrated by Claus (No. 51 1), is hatched 
in a Cyclops stage, and has no I^auplius stage. At the time of hatching it 
closely resembles the adult in general form. Its appendages are however 
very nearly those of a typical larval Copepod. The body is composed of 
a cephalo-thorax and free region behind this. The cephalo-thorax bears 
on its under surface antennae (two pairs), mandibles, maxillipeds, and the 
first pair of thoracic feet. 

The first pair of antennae is three-jointed, but the basal joint bcar.s a 
hook. The second pair is biramous, the inner ramus terminating in a book. 
The mandible is palped, but the palp is completely separated from the 
cutting blade^. The maxilla would, according to Claus, appear U> be 
absent. 

The two typical divisions of the Copepod maxillipeds are present, viz. an 
outer and anterior larger division, and an inner and posterior smaller one. 
The first pair of thoracic feet, as is usual amongst Copepoda, is attached 
to the cephalo-thorax. It has not the typical biramous Copepod character. 
There are four free segments behind the cephalo-thorax, the last of which 
ends in a fork, Three of them bear appendages, which are nidimentaiy in 
this early larval stage. On the dorsal surface are present paired eyes as 
well as an unpaired median eye. 

Between the larval condition and that of the adult a number of ecdy.se.s 
intervene. 

ClRRIPEDIA. 

The larvce of all the Cirripedia, with one or two exce])Uons, 
leave the egg in the Nauplius condition. The Nauplii differ 
somewhat in the separate group;?, and the po.st-nauj)lial .stages 
vary not inconsiderably. 

It will be most convenient to treat siicce.s.s{vcly the larval 

^ It seems not impossible that the appendage regarded by Clau.s as the mandibular 
palp may really represent the maxilla, which would otherwise seem U) lie absent. 
This mode of interpretation would bring the appendages <if Argulus into a much 
closer agreement with those of the parasitic Copepoda. It does not seem incompatible 
with the existence of the stylet-like maxillm delected by Claws in the adult. 
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history of the four sub-orders, viz. Thoracica, Abdominalia, 
Apoda, and Rhizocephala. 

Thoracica. The just hatched larvai at once leave the egg- 
lamelljc of their parent. They pass out through an opening in 
the mantle near the mouth, and during this passage the shell of 
the parent is opened and the movements of the cirri form feet 
cease. 

The larval stages commence with a Nauplius^ which, though 
regarded by Claus as closely resembling the Copepod NaupHus 
(figs. 231 and 232 A), certainly has very marked pecularities of 
its own, and in some respects approaches the Phyllopod 
Nauplius. It is in the youngest stage somewhat triangular in 
form, and covered on the dorsal side by a very delicate and 
hardly perceptible dorsal shield, which is prolonged laterally 
into two veiy peculiar conical horns (fig. 231 lli), which are the 
most characteristic structures of the Cirriped Nauplius. They 
are connected with a glandular mass, the secretion from which 
passe.s out at their apex. Anteriorly the dorsal shield has the 
same extension as the body, but posteriorly it projects slightly. 

An unpaired eye is situated on the ventral surface of the 
head, and immediately behind it there springs a more or less 
considerable upper lip (//;), which resembles the Phyllopod 
labrum rather than that of the Copepoda. Both mouth and 
anus are present, and the hind end of the body is slightly forlccd 
in some forms, but ends in others, e.g. Lepas fascicularis, in an 
elongated spine. The anterior of the three pairs of Nauplius 
appendages is imiramous, and the two posterior {A A and 

m.d) are biramous. P'rom the protopodites of both the latter 
spring strong hooks like those of the Copepod and Phyllopod 
Nauplii. In some Nauplii, eg. that of Balanus, the appendages 
are at first not jointed, but in other Nauplii, e.g. that of Lepas 
fascicularis, the jointing is well marked. In Lepas fascicularis 
the earliest free Nauplius is enveloped in a larval skin, which is 
thrown off after a few hours. The Nauplii of all the Thoracica 
undergo a considerable number of moults before their appendages 
increase in number or segmentation of the body appears. During 
these moults they grow larger, and the posterior part of the 

^ Alepas .squalicola is stated by Korea and Daiiiels.sen to ftnin an exception to 
this rule, and to leave the egg with six pairs of tippendages. 
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body— the future thoracic and abdominal region -~i;r()ws re- 
latively in length. There also appear close to the Hides of the: 
unpaired eye two conical bodies, which correspond with the 
frontal sense organs of the Phyllopods. During their growth 
the different larvae undergo changes varying greatly in degree. 


In Balanus the changes consist for the most part in the full 
segmentation of the appendages and the growth and distinctness 



Fia. ’23T, NAUPLIUS larva of LEPAS FASCICULARIS viewed from TUE sit)!’.. 


PC. eye; At i. antenna of first pair ; Af. a. antenna of second pair ; mandible ; 
/A labruin; an, anus; me. mesenteron; (f.s/i. dorsal spine; c,s/>. caudal spine; 
ventral spine ; iL lateral horns. 

of the dorsal shield, which forms a somewhat blunt triangular 
plate, broadest in front, with the anterior horns very long, and 
two short posterior spines. The tail also becomes produced into 
a long spine. 

In Lepas fascicularis the changes in appearance of the 
Nauplius, owing to a great spinous development on its shield, 
are very considerable ; and, together with its enormous size, 
render it a very remarkable form. Dohrii (No. 520). who was 
the first to describe it, named it Archizorea gigas. 
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The dorsal shield of the Nauplius of Lepas fasciculains (fig. 231) becomes 
somewhat hexagonal, and there springs from the middle of the dorsal surface 
an enormously long spine (d.sp), like the dorsal spine of a Zoma. The hind 
end of the shield is also produced into a long caudal spine between 
which and the dorsal spine ai'e some feather-like processes. From its edge 
there spring in addition to the primitive frontal horns three main pairs of 
horns, one pair anterior, one lateral, and one posterioi-, and smaller ones in 
addition. All these processes (with the exception of the dorsal and posterior 
spines) are hollow and open at their extremities, and like the primitive 
frontal horns contain the ducts of glands situated under the shield. On the 
under surface of the laiwa is situated the unpaired eye (oc) on each side of 
which spring the two-jointed frontal sense organs. Immediately behind 
these is the enormous upper lip (Jd) which covers the mouth At the sides 
of the lip lie the three pairs of Nauplius appendages, which are very 
characteristic but present no special peculiarities. Posteriorly the body is 
produced into a long ventral spine-like process ( V^) homologous with that 
of other more normal Nauplii. At the base of this process large moveable 
paired spines appear at successive moults, six pairs being eventually formed. 
These spines give to the region in which they are situated a segmented 
appearance, and perhaps similar structures have given rise to the appear- 
ance of segmentation in .Spence Bate’s figui-es. The anus is situated on 
the dorsal side of this ventral pi'ocess, and between it and the caudal 
spine of the shield above. The fact that the anus occupies this position 
appears to indicate that the ventral process is homologous w'ith the 
caudal fork of the Copepodu, on the dorsal side of which the anus so 
often opens®. 

From the Nauplius condition the larvte pass at a single 
moult into an entirely different condition known as the Cypris 
stage. In preparation for this condition there appear, during 
the last Nauplius moults, the rudiments of several fresh organs, 
which are more or less developed in different types. In the 
first place a compound eye is formed on each side of the 
median eye. Secondly there appears behind the mandibles a 
fourth pair of appendages — the finst pair of maxillaj — and 
internal to these a pair of small prominences, which are perhaps 

^ Willemoes Suhm (No. 530) states that the mouth is situated at the free end of the 
upper lip, and that the oesophagus passes through it. From an examination of some 
specimens of this Nauplius, for which I am indebted to Moseley, I am inclined to 
think that this is a mistake, and that a gi'oove on the surface of the upper lip has been 
taken by .Suhm for the oesophagus. 

® Tile enormous spinous development of the larva of Lepas fascicularis is proltably 
to be explained as a secondary protective adaptation, and has no genetic connection 
with the somewhat similar spinous armature of the Zoma. 
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equivalent to the second pair of maxill<c, and give rise to the 
third pair of jaws in the adult (sometimes spoken of as the 
lower lip). 

Behind these appendages there are moreover formed llu; rudi- 
ments of six pairs of feet. Under the cuticle of the first pair ol 
antennae there may be seen just before the final moult the four- 
jointed antennm of the Cypris stage with the rudiment of a di.se 
on the second joint by which the larvae eventually become 
attached. 

By the free Cypris stage, into which the larva next passes, a 
very com|)lete metamorphosis has been effected. The median 
and paired eyes are present as before, but the dorsal shield has 
become a bivalve shell, the two valves of which are united along 
their dorsal, anterior, and posterior margins. The two valves 
are further kept in place by an adductor miuscle .situated close 
below the mouth. Remains of the lateral horns still persi.st. The 
anterior antenme have undergone the metamorpho.sis already 
indicated. They are four-jointed, the two ba.sal joints being 
long, and the second provided with a suctorial disc, in the centre 
of which is the opening of the duct of the so-called antemiary or 
cement gland, which is a granular mass lying on the ventral 
side of the anterior region of the body. The gland arises 
(Willemoes Suhm) during the Nauplius stage in the large ii|)|)er 
lip. The two distal joints of the antennm are short, and the 
last of them is provided with olfactory hairs. The great npjKn* 
lip and second pair of antennm and mandible.s have disappeared, 
but a small papilla, forming the commencement of the adult 
mandibles, is perhaps developed in the base of the Nanpliu.s 
mandiblc.s. The first pair of maxillm have become small papiil:e 
and the second pair probably remain. The six posterior ])airs 
of appendages have grown out as functional biramoiis swimming- 
feet, which can project beyond the .shell and arc used in the 
locomotion of the larva. They are composed of two basal 
joints, and two rami with swimming hairs, each two-joinlcd. 
These feet resemble Copepod feet, and form the main ground 
for the views of Claus and others that the Copepoda and 
Cirripedia are closely related. They arc regarded by Cdaus as 
representing the five pains of natatory feet of Coirepoda, ajid the 
generative appendages of the segment behind these. Between 
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the natatory feet are delicate chitinous lamellae, in the spaces 
between which the cirriform feet of the adult become developed. 
The ventral spinous process of the Nauplius stage is much reduced, 
though usually three-jointed. It becomes completely aborted 
after the larva is fixed. 

In addition to the antennary gland there is present, near the 
dorsal side of the body above the natatory feet, a peculiar paired 
glandular mass, the origin of which has not been clearly made 
out, but which is perhaps equivalent to the cntomostracan shell 
gland. It probably supplies the material for the shell in suc- 
ceeding stages \ 

The free Cypris .stage is not of long duration ; and during it 
the larva does not take food. It is succeeded by a stage known 
as the pupa stage (fig. 232 B), in which the larva becomes fixed, 
while underneath the larval skin the adult structures are de- 
veloped. This stage fully deserves its name, since it is a quies- 
cent stage during which no nutriment is taken. The attachment 
takes place by the sucker of the antennae, and the cement gland 
(t) supplies the cementing material for effecting it. A retro- 
gressive metamorphosis of a large number of the organs sets in, 
while at the same time the for- 
mation of new adult structures 
is proceeded with. The eyes 
become gradually lost, but the 
Nauplius eye is retained, though 
in a rudimentary state, and the 
terminal joints of the anteniue 
with their olfactory hairs are 
thrown off. The bivalve shell 
is moulted about the same time 
as the eye.s, the skin below it 
remaining as the mantle. The 
caudal process becomes abor- 
ted. Underneath the natatory 

^ There i.s eensidcrable confiusion about the shell gland and antennary gland. In 
luy account Willeniocs Suhm has been followed, Claus however regards what I have 
called the auteuuary gland as the shell gland, and states that it doe.s not open into tlie 
anleiina- till a later period. He does not clearly de.scribe its opening, nor llie organ 
which 1 have called the shell gland. 



Fig. 232. Larvai, forms op the 
Tuouacica. (From Huxley.) 

A. Nauplius of lialanus balanoides. 
(After .Sp. Bate.) B. I'upa stage of I..epas 
australis. (After Darwin.) 

n. antennary apodemes; /. ceraeut 
gland with duct to antenna. 
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feet, and between the above-mentioned chitinous lamellae, the 
cirriform feet are formed; and on their completion the natatory 
feet become thrown off and replaced by the permanent fe<;t. Fn 
the Lepadidsc, in which the raetamorphosi.s of the pupa, stayers 
has been most fully studied, the anterior part of the body with 
the antenme gradually grows out into an elongated stalk, into 
which pass the ovaries, which are formed during the Cy])ris 
stage. At the base of the stalk is the protuberant mouth, the 
appendages of wliich soon attain a higher development than in 
the Cypris stage. At the front part of it a large upper lip 
becomes formed. Above the mantle and between it and the 
shell there are formed in the Lepadidse the provisional valves of 
the shell. These valves are chitinous, and have a fcnc.slrated 
structure, owing to the chitin being deposited round the margin 
of the separate epidermis (hypodermis) cells. These valves in 
the Lepadiclje "prefigure in shape, size, and direction of growth, 
the shelly valves to be formed under and around them” (Darwin, 
No. 519, p. 129). 

Whatever may be the number of valves in the adult the provisional 
valves never exceed five, viz. the two scuta, the two terga and the Carina. 
They are relatively far smaller than the permanent valves and arc therefore 
separated by considerable membranous intervals. They are <>fton pretserved 
for a long time on the permanent calcareous valve.s. In the llalanitlie 
the embryonic valves are membranous and do not overlap, but do not 
present the peculiar fenestrated structure of the primordial valves of the 
Lepadidm, 

In connection with the moult of the pupa .skin, and the 
conversion of the pupa into the adult form, a remarkable change 
in the position takes place. The pupa lies with the ventral side 
parallel to and adjoining the surface of attachment, while the 
long axis of the body of the young Cirriped is placed nearly at 
right angles to the surface of attachment. Thi.s change is 
connected with the cedyses of the antennary apodemes (//), 
which leave a deep bay on the ventral surface behind the 
peduncle. The chitinous skin of the Cirriped passes round 
the head of this bay, but on the moult of the pupa skin 
taking place becomes stretched out, owing to the posterioi- 
part of the larva bending dorsalwards. It is this flexure which 
causes the change in the position of the larva. 
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In addition to the remarkable external metamorphosis 
undergone during the pupa stage, a series of hardly less con- 
siderable internal changes take place, such as the atrophy of 
the muscles of the antennae, a change in the position of the 
stomach, etc. 

Abdomisialia. In the Alcippidte the larva leaves the egg as a 
Nauplius, and this stage is eventually followed by a pupa stage closely 
resembling that of the Thoracica. There are six pairs of thoracic natatory 
legs (Darwin, No. 519). Of these only the first and the last three are pre- 
served in the adult, the first being bent forward in connection with the 
mouth. The body moreover partially preserves its segmentation, and the 
mantle does not secrete calcareous valves. 

The very remarkable genus Cryptophialus, the development of which is 
described by Darwin (No. 519) in his classical memoir, is without a free 
Nauplius stage. The embryo is at first oval but soon accpiires two anterior 
processes, apparently the fii-st pair of antennm, and a posterior prominence, 
the abdomen, In a later stage the abdominal prominence disappears, and 
the antennary processes, within which the true antennm are now visible, are 
carried more towards the ventral 
.surface. The larva next passes into 
the free Cypris stage, during which it 
creeps about the mantle cavity of its 
parent. It is enveloped in a bivalve 
shell, and the antennte have the nor- 
mal cirriped structure. There are no 
other true appendages, but posteriorly 
three pairs of bristles are attached to 
a rudimentary abdomen. Paired com- 
pound eyes are present. During the 
succeeding pupa stage the metamoi-- 
phosis into the adult form takes place, 
but this has not been followed out in 
detail. 

In Kochlorine, a form discovered 
by Noll (No. 526) and closely related 
to Cryptophialus, the larvm found 
within the mantle represent ap- 
parently two larval stages, sixnilar to 
two of the larval stages described by 
Darwin. 

RMzocephala. The Rhizo- 
cephala, as might have been antici- 
pated from their close relationship to Anelasma squalicola amongst the 
Thoracica, undergo a development differing much less from the type of the 
Thoracica than that of Cryptophialus and Kochlorine. 



Fig, 233. Stages in the devet.op- 
MENT OF THE Rhizocephala. (From 
Huxley, .ifter Fritz Muller.) 

A. Nauplius of Sacculina purpurea. 
B. Cypris stage of Lernmodiscus por- 
cellanm. C. Adult of Peltogaster paguri. 

//. ///. IV. Two pairs of antennm 
and mandibles; r/. carapace; a. anterior 
end of body ; b. generative aperture ; c. 
r‘oot-Uke processes. 
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Sacculina leaves the egg as a Nauplius (fig. 333 A), which diricrs from 
the ordinary type mainly (i) in the large development of an oval dorsal 
shield {cp) which projects far beyond the edge of the body, but is provided 
with the typical sternal horns, etc. ; and (2) in the absence of a mcjuth. 
The Cypris and pupa stages of Sacculina and other Rhizoceidiala (lig, 233 H) 
are closely similar to those of the Thoracica, but the paired eye is a.l)scnit. 
The attachment takes place in the usual way, but the subse<iueat metamor- 
phosis leads to the loss of the thoracic feet and generally to retrogressive 
changes. 

OSTRACODA. 

Our knowledge of the development of this i-emarkable group is entirely 
due to the investigations of Claus. 

Some forms of Cythere are viviparous, and in the marine form Cypridina 
the embryo develops within the valves of the shell Cypris attache.? its 
eggs to water plants. The larvm of Cypris are free, and their develo|:)ment 
is somewhat complicated. The whole development is completed in nine 
eedyses, each of them accompanied by more or less important clumges in 
the constitution of the larva. 

In the earliest free stage the larva has the character.? of a true Nauplius 
with three pairs of appendages (fig. 234 A). The Nanplius presents how- 
B A 




Fig. 234. Two stages in the development of Cypres. (From Claus.) 

A. Earliest (Naupliu.s) stage. B. Second .stage, 

A'. A". First and second pairs of antennsej TW. rnandildes; {)Z. lahnun • 
Mx'. first pair of maxillic ; /". first pair of feet. ' 

ever one or two very marked secondary characters. In the flr.st place it is 
completely enveloped in a fully formed bivalve shell, differing in unessential 
points from the shell of the adult. An adductor muscle (SM) for the shell 
is present. Again the second and third appendages, though locomotive in 
function are neither of them biramous, and the third one already contains 
a rudiment of the future mandibular blade, and terminates in an anteriorly 
directed hook-like bristle. The first pair of antenna; is moreover very 
similar to the second and is used in progression. Neither of the pairs of 
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antennje become much modified in the subsequent metamorphosis. The 
Nauplius has a single median eye, as in the adult Cypris, and a fully 
developed alimentary tract. 

The second stage (fig. 234 B), inaugurated by the first moult, is mainly 
characterized by the appearance of two fresh pairs of appendages, viz. the 
first pair of maxilUe and the first pair of feet ; the second pair of maxillic 
not being developed till later. The fii'St pair appear as leaf-like curved 




Fig. 335. STAaE.s in the deveeoi^ment ok Cyimus. (From Claas.) 

A. Fourth .stage. U. Fifth stage. 

Mx', first maxilla ; Mv". and/', .second maxilla ; first pair of feet ; Z. liver. 

plates (M/) more or less like Phyllopod appendages (Claus) though at this 
stage without an exopodite- The first pair of feet (/") terminates in a 
curved claw and is used for adhering. The mandibles have by this stage 
fully developed blades, and have practically attained their adult form, con- 
sisting of a powerful toothed blade and a four-jointed palp. 

During the third and fourth stages the first pair of maxillm acquire 
their pectinated gill plate (epipodite) and four blades; and in the fourth 
stage (fig. 33s A) the second pair of maxilkn (d£i*") arises, as a pair of 
curved plates, similar to the first pair of maxillin at their first appearance, 
'fhc forked tail is indicated during the fourth stage by two bristles. During 
the iifili stage (fig. 235 B) the number of joints of the fii'st pair of antemne 
becomes increased, and the po.sterior maxilla; develop a blade and become 
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four-jointed ambulatory appendages terminating in a hook. I be caudal folk 
becomes more distinct. 

In the sixth stage (fig. 236) the second and hindermost pair of feet be- 
comes formed (/") and the maxilhe of the second pair lose their ambulatory 
function, and begin to be converted into definite masticatory appendagoH ])y 
the reduced jointing of their palp, and the increase of their cutting lilades. 
By the seventh stage all the appendages have practically attained their 



Fig, 236. Sixth stage in the develotment oe Cyi’RIs. (From CLtus.) 
Mx/. first maxilla ; Mx", /'. second maxilla; and fmst ami .second pair of 
feet; Mi. caudal fork; L. liver; S.D. shell gland. 


permanent form ; the second pair of maxilhe has acquired small branchial 
plates, and the two following feet have become jointed. In the eighth and 
ninth stages the generative organs attain their mature form, 

The larva of Cythere at the time of birth has rudiment.s of all the limbs, 
but the mandibular palp still functions as a limb, and the thret,! feet (enti 
pair of maxillee and two following appendages) are very rudimentary. 

The larvre of Cypridina are hatched in a condition which to all intents 
and purposes resembles the adult. 

Phytogeny of the Crustacea. 

Idle classical work of Fritz Muller (No. 452) on the phylogeny of the 
Crustacea has given a great impetus to the study of their larval forms, .'uid 
the interpretations of these forms which he has offered have been the sul)je(:t 
of a very large amount of criticism and discussion. A great step forward 
in this discussion has been recently made by Claus in his memoir (No. 44.S). 

The most fundamental question concerns the meaning of the Nauplius. 
Is the Nauplius the ancestral form of the Crustacea, as is believed ].)>• Fritz 
Muller and Claus, or are its peculiarities and constant occurrence <lm; to 
some other cause ? The most plausible explanation on the second Isypolhosis 
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would seem to be the following. The segments with their appendages of 
Arthropoda and Annelida are normally formed from before backwards, 
therefore every member of these two gi'oups with more than three segments 
must necessarily pass through a stage with only three segments, and the fact 
that in a particular group this stage is often reached on the larva being 
hatched is in itself no proof that the ancestor of the group had only three 
segments with their appendages. This explanation appears to me, so far 
as it goes, quite valid ; but though it relieves us from the necessity of 
supposing that the primitive Crustacea had only three pairs of appendages, 
it does not explain several other peculiarities of the Nauplius^. The more 
important of these are the following. 

1. That the mandibles have the form of biramous swimming feet and 
are not provided with a cutting blade. 

2. That the second pair of antennm are biramous swimming feet with a 
hook used in mastication, and are innervated (?) from the suboesophageal 
ganglion. 

3. The absence of segmentation in the Nauplius body. An absence 
which is the more striking in that bcfoi-e the Nauplius stage is fully reached 
the body of the embryo is frequently divided into three segments, e.g. 
Copepoda and Cirripedia. 

4. The absence of a heart. 

5. The presence of a median single eye as the sole organ of vision. 

Of these points the iirst, second, and fifth appear only to be capable of 
being explained phylogenetically, while with reference to the absence of a 
heart it appears very improbable that the ancestral Crustacea were without 
a central organ of circulation. If the above positions arc accepted the 
conclusion would seem to follow that in a certain sense the Nauplius is 
an ancestral form — but that, while it no doubt had its three anterior pairs 
of appendages similar to those of existing Nauplii, it may perhaps have 
been provided with a segmeirted body behind provided with simple biramous 
appendages. A heart and cephalo-thoracic shield may also have been 
present, though the existence of the latter is perhaps doubtful. There was 
no doubt a median single eye, but it is difficult to decide whether or no 
paired compound eyes were also present. Tlie tail ended in a fork between 
the prongs of which the anus opened ; and the mouth was protected by a 
large upper lip. In fact, it may very probably turn out that the most 
primitive Crustacea more resembled an Apus larva at the moult immediately 
before the appendages lose their Nauplius characters (fig. 208 B), or a 
Cyclops larva just before the Cyclops stage (fig. 229), than the earliest 
Nauplius of either of these forms. 

If the Nauplius ancestor thus reconstructed is admitted to have existed, 
the next question in the phylogeny of the Crustacea concerns the relations 
of the various phyla to the Nauplius. Are the different phyla descended 
from the Nauplius direct, or have they branched at a later period from 

’ For the characters of Naitplius EVc/f p, 460. 
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some central stem? It is perhaps hardly possible as yet to give u full and 
satisfactory answer to this question, which requires to be <lealt with for each 
separate phylum; but it may probably be safely maintained that the existing’ 
Phyllopocls arc members of a group which was previously much laiv;er, and 
the most central of all the Crustacean groups; and which more nearly 
retains in the characters of the second pair of antenna; etc. the Nau])rtu.s 
peculiarities. This view is shared both by Claus and Dohni, and appt'ar.s 
to be in accordance with all the evidence we have both paheontologic.al and 
morphological. Claus indeed carries this view still further, and beliercs 
that the later Nauplius stages of the different Entomostracau group.s and 
the Malacostraca (Penaeus larva) exhibit undoubted Phyllnpod aflinilies. 
Pie therefore postulates the earlier existence of a Protophyllopod form, which 
would correspond very closely with the Nauplius as reconstructed above, 
from which he believes all the Crustacean groups to have diverged. 

It is beyond the scope of this work to attempt to grapple with all the 
difficulties which arise in connection with the origin and r*elationships of the 
various phyla, but I confine myself to a few suggestions aris.ing out of the 
developmental histories recorded above. 

Malacostraca. In attempting to reconstitute from the evidence in 
our possession the ancestral history of the Malaco.straca we may omit: from 
consideration the larval history of all those types which leave tlie egg in 
nearly the adult form, and confine our attention to those types in which the 
larval history is most completely preserved. 

There are three forms which are of special value in this respect, vw. 
Euphausia, Penaeus and Squilla. From the history of these which has 
already been given it appears that in the case of the Decapoda four stages 
(Claus) may be traced in the best preserved larval histories. 

1. A Nauplius stage with the usual Nauplius characters. 

2. A Protozoma stage in which the maxilhe and first pair of maxillipeds 
are formed behind the Nauplius appendages; but in which the tail is still 
imsegmentcd. This stage is comparatively rarely preserved and usually not 
very well marked, 

3. A Zoma stage the chief features of which have already been fully 
characterised {vide 465). Three more or less distinct type.s ofZixea are 
distinguished by Claus. («) That of Penmus, in which the appendagcis up 
to the third pair of maxillipeds are formed, and the thorax and abdomen are 
segmented, the former being however very short. The heart is ov:d, with 
one pair of ostia. From this type the Zoioa forms of the other Decupuda 
are believed by Claus to be derived, {h) That of Euphausia, with l)ul one 
pair of maxillipeds and those short and Phyllopod-Iike. The lieurt oval 
with one pair of ostia, {c) That of Squilla, with an elongated many- 
chambered heart, two pairs of maxillipeds and the abdominal appeudage.s in 
full activity. 

4. A Mysis stage, which is only found in the macruroiis Docapotl 
larvai. 

The embryological questions requiring to be settled concern tlu; value 
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of the above stages. Do they represent stages in the actual evolution of 
the present types, or have their characters been secondarily acquired in 
larval life? 

With 1‘eference to the first stage this question has already been discussed, 
and the conclusion arrived at, that the Nauplius does in a much modified 
form represent an ancestral type. As to the fourth stage there can be no 
doubt that it is also ancestral, considering that it is almost the repetition of 
an actually existing form. 

The second stage can clearly only be regarded as an embryonic prepara- 
tion for the third ; and the great difficulty concerns the third stage. 

The natural view is that this stage like the others has an ancestral value, 
and this view was originally put forward by Fritz Muller and has been 
argued for also by Dohr-n. On the other hand the opposite side has been 
taken by Claus, who has dealt with the question very ably and at great 
length, and has clearly shewn that some of Fritz Muller’s positions are 
untenable. Though Claus’ opinion is entitled to very great weight, an 
answer can perhaps be given to some of his objections. The view adopted 

this section can best be explained by setting forth the chief points which 
Claus urges against Fritz Miillcr’s view. 

The primary question which needs to be settled is whether the Malacos- 
traca have diverged very early from the Nauplius root, or later in the history 
of the Crustacea from the Phyllopod stem. On this question Claus ^ brings 
arguments, which appear to me very conclusive, to shew that the Malacos- 
traca are derived from a late Protophyllopod type, and Claus’ view on this 
point is shared also by Dohrn. The Phyllopoda present so many characters 
(not possessed by the Nauplius) in common with the Malacostraca or their 
larval forms, that it is incredible that the whole of these should have 
originated independently in the tw^o groups. The more important of these 
characters are the following. 

1. The compound eyes, so often stalked in both groups. 

2. The absence of a palp on the mandible, a very marked character of 
the Zoma as well as of the Phyllopoda, 

3. The presence of a pair of frontal sense knobs. 

4. The Phyllopod character of many of the appendages. Cf. first pair of 
maxillipeds of the Euphausia Zoma. 

’ Claus speaks of the various Crustacean phyla as having sprung from a Protophyl- 
lopod form, and it might be supposed that he considered that they all diverged from 
the same form. It is clear however from the context that he regards the Protophyl- 
lopod typo from which the Malaco.straca originated as far more like existing Phyl- 
lopocls tlian tliat from vdiich the Entomostracan groups have sprung. It is not quite 
easy to get a consistent view of his position on the question, since he states (p. 77) that 
the Malacostraca and the Copepods diverged from a .similar form, whicli is represented 
in their respective devolopmouls by the Prolozoaea and earliest Cyclops stage. Vet if 
! understand him rightly,.he does not con-sider the Protozoma .stage to he the Proto- 
jiiiyllopod stage from which the Malacostraca have diverged, but states on p. 71 that 
it was not an ancestral fi)rm at all. 
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5. The presence of gill pouches (epipodites) on m.iny of tiro appt'iid- 
agesh 

In addition to these points, to which others might he added, Claus 
attempts to shew that Nebalia must, be regarded as a type inieniKidiati; 
between the Phyllopods and Malacostraca. This view seems fairly esta- 
blished, and if true is conclusive in favour of the Phyllopo<l ori;,dii of tin; 
Malacostraca. If the Protophyllopod origin of the Malacostraca is ailinitted, 
it seems clear that the ancesti-al forms of the Malacostraca must have di‘- 
veloped their segments regularly from before backwards, and btam }n-ovidcd 
with nearly similar appendages on all the segments. 'Phis however is far 
from the case in existing Malacostraca, and Fritz Miiller commences his 
summary of the characters of the Zoma in the following words'*. ‘‘The 
middle body with its appendages, those five pairs of feet to which these 
animals owe their name, is either entirely wanting or scarcely indicated.” 
This he regards as an ancestral chax-acter of the Malacostraca, and is of 
opinion that their thorax is to be regarded as a later acquirement than the 
head or abdomen. Claus’ answer on this point is that in the most lu'iiniiivc 
Zoseae, viz. those already spoken of as types, the thoracic and abdominal 
segments actually develop in regular succession from before backwardsj 
and he therefoi-e concludes that the late development of the thorax in the 
majority of Zoma forms is secondary and not an ancestral Plxyllopod 
peculiarity. 

'Phis is the main argument used by Claus against the Zoma having any 
ancestral meaning. His view as to the meaning of the Zotea may be 
gathered from the following passage. After assuming that none of the 
existing Zotea types could have been adult animals, he says-— “ M uch more 
“probably the process of alteration of the inetamorphosis, which the Mala- 
“ costracan phylum underwent in the course of time and in conjum.'tion 
“ with the divergence of the later Malacostracan group.s, led secxindarily 
“ to the three different Zoasa configurations to w'hich probably later inodiiiea- 
“tions were added, as for instance in the young form of the Cumacea;, Wc 
“ might with the same justice conclude that adult Insects existed as cater- 
“ pillars or pupae as that the primitive form of the Malacostraca was a 
“ Protozoma or Zoma.” 

Gi-anting Claus’ two main positions, viz. that the Mal.acosli’aca are 
derived from Protophyllopods, and that the segments were in the priuuiry 
ancestral forms developed from before backwaards, it does mU appear im- 
possible that a secondary and later ancestral form may have existed with ;i 
reduced thorax. This reduction m.ay only have been partial, so tlxat the 
Zoma ancestor would have had the following form. A largo cephalo-thorax 
and well-developed tail (?) with swimming appendages. The appendages up 
to the second pair of maxillipeds fully developed, but the thorax very 

1 Claus appears to consider it doubtful whether the Malaco.slracau gills can be 
compared with the Phyllopod gill-pouches. 

^ Facts far Danvin, 
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imperfect and provided only with delicate foliaceous appendages not pro- 
jecting beyond the edge of the cephalo-thoracic shield. 

Another hypothesis for which there is perhaps still more to be said is 
that there was a true ancestral Zoaea stage in which the thoracic appendages 
were completely aborted. Claus maintains that the Zoasa form with 
aborted thorax is only a larval form ; but he would probably admit that its 
larval characters were accpiired to enable the larva to swim better. If this 
much be admitted it is not easy to see why an actual member of the 
ancestral series of Crustacea should not have developed the Zoaea pecu- 
liarities when the mud-dwelling habits of the Phyllopod ancestors were 
abandoned, and a swimming mode of life adopted. This view, which 
involves the supposition that the five (or six including the third maxillipeds) 
thoracic appendages were lost in the adult (for they may be supposed to 
have been retained in the larva) for a series of generations, and reappeared 
again in the adult condition, at a later period, may at first sight appear very 
improbable, but there are, especially in the larval history of the Stomatopoda, 
some actual facts which i-eceive their most plausible explanation on this 
hypothesis. 

These facts consist in cases of the actual loss of appendages during 
development, and their subsequent reappearance. The two most striking 
cases are the following. 

1. In the lirichthus form of the Squilla larva the appendages corre- 
sponding to the third pair of maxillipeds and first two pairs of ambulatory 
appendages of the Decapoda are developed in the Protozoma stage, but 
completely aborted in the Zoma stage, and subsequently redeveloped. 

2. In the case of the larva of Scrgestcs in the passage from the Acan- 
thosoma (Mysis) stage to the Mastigopus stage the two hindermost thoracic 
appendages become atrophied and redevelop again later- 

Both of these cases clearly fit in vei'y well with the view that there was an 
actual period in the history of the Malacostraca in which the ancestors of 
the present forms were without the appendages which are aborted and 
redeveloped again in these larval forms. Claus’ hypothesis affords no 
explanation of these remarkable cases. 

It is however always possible to maintain that the loss and reappearance 
of the appendages in these cases may have no ancestral meaning i and the 
abortion of the first pair of maxillipeds and reduction of some of the other 
appendages in the case of the Loricata is in favour of this explanation. 
Similar examples of the abortion and reappearance of appendages, which 
cannot be explained in the way attempted above, are afforded by the Mites 
and also by the Insects, e.g-. Bees. 

On the other hand there is almost a conclusive indication that the loss 
of the appendages in Sergestes has really the meaning assigned to it, in that 
in the allied genius Leucifer the two appendages in question are actually 
aV)sent in the adult, so that the stage with these appendages absent is 
permanently retained in an adult form. In the absence of the mandibular 
palp in all the Zoiea forms, its actual atrophy in the Penmus Zoma, and its 
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universal reappearance in adult Malacostraca, arc cases which Ic’ll in favour 
of the above explanation. The mandibular palp is permancnlly alisent in 
Phyllopods, which clearly shews that its absence in the Zoa.;:i staj-’e is due to 
the retention of an ancestral peculiarity, and that its reappearanct! in tlio 
adult forms was a late occurrence in the Malaco.stracan hi.story. 

The chief obvious difficulty of this view is the rctlevelopment of ilu; 
thoracic feet after their disappearance for a certain number of s4'ci:u;r;iliou.s. 
The possibility of such an occurrence appears to me however clearly demon- 
strated by the case of the mandibular palp, which has undoubtedly Ijoen 
reacquired by the Malacostraca, and by the case of the two last thoracic 
appendages of Sergestes just mentioned. The above difficulty may be 
diminished if we suppose that the larvm of the Zoaaa ancestors alway.s 
developed the appendages in question. Such appendages might first only 
partially atrophy in a particular Zoma form and then gradually come to 
be functional again ; so that, as a form with functional thor.acic limbs 
came to be developed out of the Zorna, we should find in the larval history 
of this form that the limbs were developed in the pre-55oa:al larval .stages, 
partially atrophied in the Zoiea stage, and redeveloped in the adult, Fnnii 
this condition it would not be difficult to pass to a further one in which tlm 
development of the thoracic limbs became deferred till after the Zoa;a stagt:. 

The general arguments in favour of a Zoma ancestor with partially or 
completely aborted thoracic appendages having actually existed in the past 
appear to me very powerfid. In all the Malacostracan groups in which 
the larva leaves the egg in an imperfect form a true Zoma stage is found. 
That the forms of these Zoaese should differ considerably is only what might 
be expected, considering that they lead a free e.xistence and are liable to 
be acted upon by natural selection, and it is probable that none of those 
at present existing closely resemble the ancestral form. The spines fnan 
their carapace, which vary so much, were probably originally devcloptal, 
as suggested by Fritz Miiller, as a means of defence. The simplicity of 
the heart'.— so different from that of Phyllopods— in most forms (jf Zoma 
is a difficulty, but the reduction in the length of the heart may very 
probably be a secondary modification ; the primitive condition being retiu'ned 
in the Squilla Zoma. In any case this difficulty is not greater on the 
hypothesis of the Zoica being an ancestral form, than on that of its being a 
purely larval one. 

The points of agreement in the number and character of the :ippendagi,:s, 
form of the abdomen, etc. between the various types of Zoa.'a a{)i>eii.r to mu 
too striking to be explained in the manner attempted by Claus. It suuins 
improbable that a peculiarity of form acquired by the larva of some finechlral 
Malacostracan should have been retained so permanently in so many groups ' 

1 A aecoiidaiy larval form is less likely to be repeated in duvelopinunl lliaa an 
ancestral adult stage, because there is always a strong leadeucy for the fornua-, which 
is a secondarily intercalated link in the chain, to drop out liy tlie occurrence nf a 
reversion to the original type of development. 
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—more permanently indeed than undoubtedly ancestral forms like that of 
Mysis- — and it would be still more remarkable that a Zotea form should 
have been two or more times independently developed. 

There are perhaps not sufficient materials to reconstruct the characters of 
the Zoma ancestor, but it probably was provided with the anterior appen- 
dages up to the second pair of maxillipeds, and (?) with abdominal swim- 
ming feet. The heart may very likely have been many-chambered. 
Whether gill pouches were present on the maxillipeds and abdominal feet 
does not appear to me capable of being decided. The carapace and general 
shape were probably the same as in existing Zoccas. It must be left an open 
question whether the six hindermost thoracic appendages were absent or 
only very much reduced in size. 

On the whole then it may be regarded as probable that the Malacostraca 
are descended from Protophyllopod forms, in which, on the adoption of 
swimming habits, six appendages of the middle region of the body were 
reduced or aborted, and a Zocea form acquired, and that subsequently the 
lost appendages were redeveloped in the descendants of these forms, and 
have finally become the most typical appendages of the group. 

The relationship of the various Malacostracan groups is too difficult 
a subject to be discussed here, but it seems to me most likely that in 
addition to the groups with a Zoa^a stage the Edriophthalmata and Cumacete 
are also post-zoieal forms which have lost the Zoma stage. Nebalia is 
liowever very probably to be regarded as a pian-zomal form which has 
survived to the present day ; and one might easily fancy that its eight thin 
thoracic segments with their small Phyllopod-like feet might become nearly 
aborted. 

Copepoda. The Copepoda certainly appear to have diverged very 
early from the main stem, as is shewn by their simple jjiramous feet and the 
retention of the median eye as the sole organ of vision. It may be argued 
that they have lost the eye by retrogressive changes, and in favour of this 
view cases of the Pontellidm and of Argulus may be cited. It is however 
more than doubtful whether the lateral eyes of the Pontellidic are related to 
the compound Phyllopod eye, and the affinities of Argulus are still uncertain. 
It would moreover be a great paradox if in a large group of Crustacea the 
lateral eyes had been retained in a parasitic form only (Argulus), but lost in 
all the free forms. 

Cirripedia. The Cirripedia are believed by Claus to belong to the 
same phylum as the Copepoda. This view does not appear to be completely 
borne out by their larval history. The Nauplius differs very markedly from 
that of the Copepoda, and this is still more true of the Cypris stage. The 
Copepod-like appendages of this stage are chiefly relied upon to support the 
alcove view, but this form of appendages was probably very primitive 
and general, and the number (without taking into consideration the doubtful 
case of Cryptophialus) does not correspond to that in Copepoda. On the 
other hand the paired eyes and the bivalve shell form great difficulties in the 
way of Claus’ view. It is dear that the Cypris stage represents more or less 
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closely an ancestral form of the Cirripedia, and that both the bivalve 
shell and the compound eyes were ancestral characters, '.Flicse characters 
would seem incompatible with Copepod affinities, but point to the indcpon ■ 
dent derivation of the Cirripedia from some early bivalve Phylloimd Ibnn, 
Ostracoda. The independent origin of the Oslrar.oda finnn the main 
Crustacean stem seems probable. Claus points out that the (Jstracoda. 
present by no means a simple organisation, and concludes that they wi;rc 
not descended from a form with a more complex organisation and a larger 
number of appendages. Some simplifications have however undoubteflly 
taken place, as the loss of the heart, and of the compound eyes in many 
forms. These simplifications are probably to be explained (as is done by 
Claus) as adaptations due to the small size of body and its enclosure in a 
thick bivalve shell. Although Claus is strongly opposed to the view that 



Fig. 237. Figuiiks illustrating the nnvELOi-MimT of A.STACt;.s. (From 
Parker ; after Reichenbach.) 

A. Section through part of the ovum during segmentation, n. nuclei ; white 
yolk ; jf.p. yolk pyramids ; c, central yolk mas.s. 

B and C, I^ongitudinal sections during the gastrnla stage, u. archoineroa ; 
/v. Idastopore; ms. mesoblast; tr. epiblast ; cn. hypoblast distinguished from epildast 
by shading. 

D. Highly magnified view of the anterior lip of blastopore to shew the itrigin of 

the primary mesoblast from the wall of the archenteron. primary mesol)Ia'^.l ; 

4?r. epiblast ; d’«, hypoblast. 

E. Two hypoblast cells to shew the amoebadike absorption of yolk splieres, 
y, yolk ; ??,. nucleus ; p. pseudopodial process. 

F. liypobiast cells giving rise endogenoiLsly to the .secondary im.‘.sohla,s( (.r.w.r,). 
n, nuclei. 
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the numbei- of the appendages has been reduced, yet the very fact of the 
(in some respects) complex organisation of this group might seem to indicate 
that it cannot have diverged from the Phyllopod stem at so early a stage as 
(on Claus’ view of the Nauplius) would seem to be implied by the very small 
number of appendages which is characteristic of it, and it therefore appears 
most pro liable that the present number may be smaller than that of the 
ancestral forms. 

The formatiofi of the germinal layers. 

The formation of the germinal layers has been more fully- 
studied in various Malacostraca, more especially in the Decapoda, 
than in other groups. 

Decapoda. To Bobretzky (No. 472) is due the credit of 
having been the pioneer in this line of investigation ; and his 
researches have been followed up and enlarged by Haeckel, 
Reichenbach (No. 488), and Mayer (No. 482). The segmentation 
is centrolecithal and regular (fig. 237 A). At its close the 
blastoderm is formed of a single uniform layer of lens-shaped 
cells enclosing a central sphere of yolk, in which as a rule all 
trace of the division into columns, present during the earlier 
stages of segmentation, has disappeared ; though in PahTemon 
the columns remain for a long period distinct. The cells of the 
blastoderm are at first uniform, but in Astacus, Eupagurus, 
and most Decapoda, .soon become more columnar for a small 
area, and form a circular patch. The whole patch either 
becomes at once invaginated (Eupagurus, Pakemon, fig. 239 A) 
or else the edge of it is invaginated as a roughly speaking 
circular groove deeper anteriorly than posteriorly, within which 
the remainder of the patch forms a kind of central plug, which 
does not become invaginated till a somewhat later period 
(Astacus, fig. 237 B and C). After the invagination of the 
above patch the remainder of the blastoderm cells form the 
epiblast. 

The invaginated sack appears to be the archenteron and its 
mouth the blastopore. The mouth finally becomes closed \ and 
the sack itself then forms the mesenteron. 

In Astacus the archenteron gradually^ grows forwards, its 
opening is at first wide, but becomes continuously narrowed 

1 Boliretzky first stated that the invagination remained ojicn, but subsequently 
corrected himself- Zdt. f. Wiss, Zool.^ Bd. xxiv. p. 186. 
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and is finally obliterated. Very shortly after this occurrenc* 
there is formed, slightly in front of the point where the Iasi trace 
of the bla.stopore was observable, a fre.sh cpibla.stic invagination, 
which give.s rise to the proctodmum, and the opening C)f whie.li 
remains as the definite anus. The proctodieiim (fig. 23<S A, /<g) 
is very soon placed in communication with the mesenteron (wg). 
The stomodmum {fg) is formed during the same .stage as the 
proctodaeum. It gives rise to the oe.sophagus and stomach. 
The hypoblast cells which form the wall of the archenteron 
grow with remarkable rapidity at the expense of the yolk; the 
spherules of which they absorb and digest in an amoeba-like 
fa.shion by means of their pseudopodia. They become longer 


and longer, and finally, after ab- 
sorbing the whole yolk, acquire 
a form almo.st exactly similar to 
that of the yolk pyramids dur- 
ing segmentation (fig. 238 B). 
They enclose the cavity of the 
mesenteron, and their nuclei 
and protoplasm are situated ex- 
ternally. The cells of the me- 
senteron close to its junction 
with the proctodseum differ 
from those elsewhere in being 
nearly flat. 

In Palmmon (Bobretzky) 
the primitive invagination (fig. 
239 A) has far smaller dimen- 
sions than in Astacus, and ap- 
pears before the bla.stoderm 
cells have separated from the 
yolk pyramids. The cells which 
are situated at the bottom of it 
pass into the yolk, increase in 
number, and absorb the whole 
yolk, forming a solid mass of 
hypoblast in which the outlines 
of the individual cells would 



Fig. 238. Two i-ONtUTiroiNAi, .sec- 
tions OE 'I'lIE EMliRYO OK AsTACI'S. 


(From Parker; .'iftei- Pdlirct/k)'.) 

A. Niiuplius stage. P. Stage after 
the hypoblast cells have absurhed the 
food yolk. The ventral .surface is tiiniofl 
upwards, fg. stomodivum ; /ig. procto- 
difium ; (w. anus ; m. mouth ; mg. me- 
senteron ; al>d. abdomen ; k, heart. 


seem at first not to be distinct, The blastopore in the mean 
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time becomes closed. Some of the nuclei now pass to the 
periphery of the yolk mass; the cells appertaining to them 
gradually become distinct and assume a pyramidal form (fig. 
239 B, %/), the inner ends of the cells losing themselves in a 
central mass of yolk, in the interior of which nuclei are at first 
present but soon disappear. The me.senteron thus becomes 
constituted of a layer of pyramidal cells which merge into 
a central mass of yolk. Some of the hypoblast cells adjoining 
the junction of the proctodseum and mesenteron become 
flattened, and in the neighbourhood of these cells a lumen 



Fig. 239. Two stacks in the DEVELOTMENT ok PALAiMON SEEN IN SKCTION, 
(After Bobretzky.) 

A. Gastrula stage. 

B. Ixmgitudinal section through a late stage, hy. hypoblast ; sg. supra- atsoplia- 
geal ganglion ; vg. ventral nerve cord ; //</. proctodanun ; st. stomodantm. 

first appears. The stomodaeum and proctodaeum are formed as 
in Astacus. Fig. 239 B .shews the relative positions of the 
proctodmum, stomodmum, and mesenteron. Although the 
process of formation of the hypoblast and mesenteron is 
essentially the same in Astacus and Palaemon, yet the differences 
between these two forms are very interesting, in that the yolk is 
external to the mesenteron in Astacus, but enclosed within it in 
Palmmon. This difference in the position of the yolk is rendered 
possible by the fact that the invaginated hypoblast cells in 
Palmmon do not, at first, form a continuous layer enclosing a 
central cavity, while they do so in Astacus. 

The mcsoblast appears to be formed of cells budded off 
from the anterior wall of the archenteron (A.stacus, fig. 237 D), 
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or from its lateral walls generally (ralmmoii). I'Ik-Y 
their first appearance soon after the invagination of tlu’ hypo- 
bkist has commenced. The me.sobIa.st cells arc at first sphci icai, 
and gradually spread, especially in an anterior direction, fioni 
their point of origin. 

According to Rcichenbach there arc formed in Aslacns at tin.; NaupliuH 
stage a number of peculiar cells which he speaks of as ^scconchviy lucsoljl.isi 
celfs.’ His account is not very clear or satisfactory, but it appears that they 
originate (fig. 237 F) in the hypoblast cells by a kind of endogenous growth, 
and though they have at first certain peculiar characters they soon becojne 
indistinguishable from the remaining mesoblast cells. 

Towards the end of the Nauplius period the secondary mesoblast cells 
aggregate themselves into a rod close to the epiblast in the median ventral 
line, and even bifurcate round the mouth and e.v;tcncl forwards to the 
extremity of the procephalic lobes. This rod of cells very .soon vani.slu.'s, 
and the secondary mesoblast cells become indi.stingui.shal)k; from the 
primary. Reichenbach believes, on not very clear eviilenoe, that these eulls 
have to do with the formation of the blood. 

General form of the body. The ventral thickening of ep!bl;:i.st 
or ventral plate, continuou.s with the invaginated patch already 
mentioned, forms the first indication of the embryt). It i.s at 
first oval, but soon becomes elongated and extcndetl anteriorly 
into two lateral lobes — the procephalic lobc.s. Jt.s bilateral 
symmetry is further indicated by a median longitudinal furrow. 
The posterior end of the ventral plate next bccomc.s raised into 
a di.stinct lobe — the abdomen — which in Astacus at first lies in 
front of the still open blastopore. This lobe rapidly grows in size, 
and at its extremity is placed the narrow anal opening. It soon 
forms a well-marked abdomen bent forward.s over the region in 
front (figs. 239 B, and 340 A and B). Its early dcvelojnnt;nl 
as a di.stinct outgrowth causes it to be without yolk; and .so to 
contrast very forcibly with the anterior thoracic and txiphalic 
regions of the body. In most cases this process corrcsp<mds to 
the future abdomen, but in some ca.scs (Lodcata) it apj)ears to 
include part of the thorax. Before it has reaclietl a considerable 
development, three pairs of appendages spring from Iht; region 
of the head, viz. two pairs of aiitcnnm and the mandildu's, and 
inaugurate a so-called Nauplius stage (fig. 240 A). I'hese llnax- 
appendages arc formed nearly simultaneously, but the hinder- 
most appears to become visible .slightly before.' tlie two other.s 
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(Bobretzky). The mouth lies slightly behind the anterior pair 
of antennge, but distinctly in front of the posterior pair. The 
other appendages, the number of which at the time of hatching 
varies greatly in the different Decapods {^ide section on larval 
development), sprout in succession from before backwards (fig. 
240 B). The food yolk in the head and thoracic region 
gradually becomes reduced in quantity with the growth of the 
embryo, and by the time of hatching the disparity in size between 
the thorax and abdomen has ceased to exist. 

Isopodaa The early embryonic phases of the Isopoda have 
been studied by means of sections by Bobretzky (No. 498) and 
Bullar (No. 499) and have been found to present con.siderabie 




Fio. •240. Two .S’rAGES IN 'I'lIK DEVELOPMENT OE PaI./EMON. 

A. Naiipliu.'? slage. 

B. StagG with eight pains of appendages, op. eyes ; ai^. and first and second 

antennsx:; ?«;/. mandible-s ; finst and second maxilhe ; mxp^. third maxilli- 

peds ; lb. upper lip. 

variations. When laid the egg is enclosed in a chorion, but 
shortly after the commencement of segmentation (Ed. van 
Beneden and Bullar) a second membrane appears, which is 
probably of the nature of a larval membrane. 

In all the forms the segmentation is followed by the 
formation of a blastoderm, completely enclc^ing the yolk, and 
thickened along an area which will become the ventral surface of 
the embryo. In this area the blastoderm is formed of at least 
two layers of cells— an external columnar epiblast, and an 
internal layer of scattered cells which form the mcsoblast and 
probably in part also the hypoblast (Oniscus, Bobrct'jky ; Cymo- 
thoa, Bullm^. 
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In Asellus aquaticus there is a ccntrolccitha! sen-mentatioiL 
ending' in the formation of a blastoderm, which a|»pcars first 
on the ventral surface and subsequently extends to the dorsal. 

In Onisciis murarius, and Cymothoa the scg'incnfation is 
partial [for its peculiarities and relationship vide p. I2()| and a 
disc, formed of a single layer of cells, appears at a ])ol(; of tlu,r 
egg which corresponds to the future ventral surface (Bobnit/.ky), 
This layer gradually grows round the yolk partly by division of 
its cells, though a formation of fresh cells from the yolk may 
also take place. Before it has extended far round the yolk, the 
central part of it becomes two or more layers deep, and the cells 
of the deeper layers rapidly increase in number, and are destined 
to give rise to the mesoblast and probably also to part or the 
whole of the hypoblast In Cymothoa this layer does not at 
first undergo any important change, but in Oniscus it becomes 
very thick, and its innermost cells (Bobretzky) become imbedded 
in the yolk, which they rapidly ab.sorb; and iiicrca.s{ng in 
number first of all form a layer in the periphery of the yolk, and 
finally fill up the whole of the interior of the yolk (fig. 241 A), 
ab.sorbing it in the process. 

It appears possible that these cells do not, as Bobretzky believes, origin- 
ate from the blastoderm, but from nuclei in the yolk which have escaped 
his observation. This mode of origin would be similar to that by which yolk 
ceUs originate in the eggs of the Insecta, etc. If Bobretzky’ .s account is 
correct we must look to Palmmon, as be himself suggests, to find an e.NpIana- 
tion of the passage of the hypoblast cells into the yolk. The thickening of 
the primitive germinal disc would, according to this view, be equivalent to 
the invagination of the archentei-on in Astacins, Pahemon, etc. 

Whatever may be the origin of the cells in the yolk they no 
doubt correspond to the hypoblast of other ty})es. In Ciymothoa 
nothing similar to them has been met with, but the hypoblast 
has a somewhat different origin ; being apparently formed from 
some of the indifferent cells below the epibla.st, which collect a.s 
a solid mas.s on the ventral surface, and then divide into two 
masses which become hollow and give rise to the liver c;eca. 
Their fate, as well as that of the hypoblast in Oniscus, is dealt 
with in connection with the alimentary tract. The completion 
of the enclosure of the yolk by the blastoderm takes ])lace on 
the donsal surface, In all the Isopods which have been carefully 
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studied, there appears before any other organ a provisional 
structure formed from the epiblast and known as the dorsal 
organ. An account of it is given in connection with the de- 
velopment of the organs. The general external changes under- 
gone by the larva in its development are as follows. The 
ventral thickened area of the blastoderm (ventral plate) shapes 
itself and girths nearly the whole circumference of the ovum in 
Oniscus (fig. 241 A) but is relatively much shorter in Cymothoa. 
Anteriorly it dilates into the two procephalic lobes. In 
Cymothoa it next becomes segmented ; and the anterior seg- 
ments are formed nearly simultaneously, and those of the 
abdomen somewhat later. ' At the same time a median depres- 



FU?,. 341. Two LONGITUDINAL SKCTION.S THROUGH THE EMBRYO OK OnIHCILS 
MURARIUH. (AfLcr Bobretzky.) 

ii, .stomodiBum ; /r. proctodwum ; /ty. hypuldast formed of large uuclealed cells 
imbedded in the yolk ; m. mesobla.st ; vg, ventral nerve cord ; sg. supra-wsoiihageal 
ganglion ; lU liver ; do. dorsal organ ; zp. rudiment of masticatory apparatus ; ol. upper 
Up. 

sion appears dividing the blastoderm longitudinally into two 
halves. The appendages are formed later than their segments, 
and the whole of them are formed nearly simultaneously, with 
the exception of the last thoracic, which does not appear till 
comparatively late after the hatching of the embryo. The late 
development of the seventh thoi'acic segment and appendage is 
a feature common to the majority of the Isopoda (Fritz Muller). 
In Oniscus the limbs are formed in nearly the same way as in 
Cymothoa, but in Asellus they do not arise quite simultaneously. 
Finst of all, the two antennm and mandibles (the future palp) 
appear, inaugurating a stage often spoken of as the Nauplius 
stage, which is supposed to correspond with the free Naupliu.s 
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stage of Pctiious and Euphausia. At this stage a cuticU' is shed 
(Van Benedcn) which remains as an envelope surrounding the 
larva till the time of hatching. Similar cuticular envelopes are 
formed in many Isopoda. Subsecinently the appendagtts ol the 
thorax appear, and finally those of the abdomen. LaUrr than 
the appendages there arise behind the mouth two proiniiumces 
which resemble appendages, but give rise to a bilobed lower lip 
(Dohrn). 

In Asellus and Oniscus the ventral plate moulds itself to the 
shape of the egg, and covers the greater part of the dorsal as 
well as of the ventral side (fig. 241 A). As a result of this the 
ventral surface of the embryo is throughout convex ; and in 
Asellus a deep fold appears oil the back of the embryo, so that 
the embryo appears coiled up within the egg with its ventral 
side outwards and its head and tail in contact. In Oniscus the 
ventral surface is convex, but the dorsal surface is never bent in 
as in Asellus. In Cymothoa the egg is very big and the 
ventral plate does not extend nearly so far round to the dorsal 
side as in Asellus, in consequence of which the ventral surface 
is not nearly so convex as in other Isopoda. At the same time 
the telson is early formed, and is bent forwards .so as to He 
on the under side of the part of the blastoderm in front. In 
having this ventral curvature of the telson Cymotlioa forms 
an exception amongst Isopods; and in this re.spect is iiitcrme" 
diate between the embryos of Asellus and those of the 
Amphipoda. 

Amphipoda. Amongst the Amphipoda the segmontation 
is usually ccntrolccithal. In the case of Ganimurus locusta 
(Ed. van Bcncdcn and Bessels, No. . 508 ) it commencc.s with 
an unequal but total segmentation like that of the I''rog (?7V/<> p. 
97), and the separation of a central yolk mass is a late occur- 
rence ; and it is noticeable that the part of the egg with the 
small segments eventually becomes the ventral surface, hi the 
fresh-water species of Gammarus (G. pulex and fluviatili.s) the 
segmentation is more like that of Insects; the blastoderm cells 
being formed nearly simultaneously over a large part of tin; 
surface of the egg. 

Both forms of segmentation give rise to a blastoderm cover- 
ing the whole egg, which soon becomes thickened on the ventral 
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surfece. There is formed, as in the Isopoda, a larval membrane 
at about the time when the blastoderm is completed. Very 
soon after this the egg loses its spherical shape, and becomes 
produced into a pointed extremity — the future abdomen — which 
is immediately bent over the ventral surface of the part in front. 
The ventral curvature of the hinder part of the embryo at so 
early an age stands in marked contrast to the usual condition of 
Isopod embryos, and is only approached -in this group, so far as 
is known, in the case of Cymothoa. 

At the formation of the first larval membrane the blastoderm 
cells separate themselves from it, except at one part on the 
dorsal surface. The patch of cells adherent at this part gives rise 
to a dorsal organ, comparable with that in Oniscus, connecting 
the embryo and its first larval skin. A perforation appears in it 
at a later period. 

The segments and limbs of the Amphipoda are all formed 
before the larva leaves the egg. 

Cladocera, The segmentation (Grobben, No. 455) takes place on the 
normal centrolecithal type, but is somewhat unequal. Before the close of 
the segmentation there may be seen at the apex of the vegetative pole one 
cell marked off from the remainder by its granular aspect. It gives rise 
to the generative organs. One of the cells adjoining it gives rise to the 
hypoblast, and the other cells wliich surround it form the commeitccment 
of the mesoblast. The remaining cells of the ovum form the epiblast. By 
a later stage the hypoblast cell is divided into thirty-two cells and the genital 
cell into four, while the mesoblast forms a circle of twelve cells round the 
genital mass. 

The hypoblast soon becomes involuted ; the blastopore probably closes, 
and the hypoblast forms a solid cord of cells which eventually becomes the 
mesenteron. The stomodmum is said to be formed at the point of closure 
of the blastopore. The mesoblast passes inwards and forms a mass ad- 
joining the hypoblast, and somewhat later the genital mass also becomes 
covered by the epiblast. The proctodseum appears to be formed later than 
the stomodmum. 

The embryo as first shewn by Dohrn passes through a Nauplius stage 
in the brood-pouch, but is hatched, except in the case of the winter eggs of 
Leptodora, in a form closely resembling the adult. 

Copepoda. Amongst the free Copepoda the segmentation and 
formation of the layers have receirtly been investigated by Hock (No, 512). 
He finds that there is, in both the fresh-water and marine forms studied 
by him, a centrolecithal segmentation similar to that of Talaancm and 
Pagurus [z/ide p. 112 ), which might from the surface be suppo.scd to bu 
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complete and nearly I'Cgular. After the formation of the Ijlastodenn an 
invagination of some of its cells takes place and is completed in alamt a. 
quarter of an hour. The opening becomes closed. This invajpuation is 
compared by Hoek to the invagination in Astacus, and is bclk;ve<l by him 
to give rise to the mesenteron. Its point of closing corresponds with the 
hind end of the embryo. On the ventral surface there appear two trans- 
verse furrows dividing the embryo into three segments, and a median 
longitudinal furrow which does not extend to the front end of the hircmost 
segment. The three pairs of Nauplius appendages and upper lip become 
subsequently formed as outgrowths from the sides of the ventral blasto- 
dermic thickening. 

Amongst the parasitic Copepoda there are found two distinct types of 
segmentation, analogous to those in the Isopoda. In the case of Condi'a- 
canthus the segmentation is somewhat irregular, but on the type of Eu pa- 
gurus, etc, {vide p. 1 12). In the other group (Anchorella, Clavella, Congeri 
cola, Caligus, Lerneopoda) the segmentation nearly resembles the ordinary 
meroblastic type {vide p. 120), and is to be explained in the same manner as 
in the cases of Oniscus and Cymothoa. The first bla.stodermic cells some- 
times appear in a position coiTcsponding with the head end of the embryo 
(Anchorella), at other times at the hind end (Clavella), and sometimes in the 
middle of the ventral surface. The dorsal surface of the yolk i.s always 
the latest to be inclosed by the blastoderm cells. A larval cuticle similar 
to that of the Isopoda is formed at the same time as the blastoderm. At 
the sides of the ventral thickening of the blastoderm there grow out the 
Nauplius appendages, of which only the first two appear in Anchorella. 
In Anchorella and Lerneopoda the embryos are not hatched at the 
Nauplius stage, but after the Nauplius appendages have been formed 
a fresh cuticle— the Nauplius cuticle — is shed, and within it the embryo 
develops till it reaches the so-called Cyclops stage {vide p. 490). 7 'he 
embryo within the egg has its abdomen curved dorsalwards as amongst the 
Isopoda, 

Cirripedia. The segmentation of Balanus and Lepas commences by 
the segregation of the constituents of the egg into a more prtttoplasmic 
portion, and a portion formed mainly of food material. I’he former .sepa- 
rates from the latter as a distinct segment, and then divides into two not 
quite equal portions. The division of the protoplasmic part of tim embryo 
continues, and the resulting segments grow round the single yolk segment. 
The point where they finally enclose it is situated on the ventral .surface 
(Lang) at about the position of the mouth (?). 

After being enclosed by the protoplasmic cells the yolk divides, and givc.s 
rise to a number of cells, which probably supply the material for lire walls of 
the mesenteron. The external layer of protoplasm forma the so-called 
blastoderm, and soon (Arnold, Lang) becomes thickened on the dorsal 
surface. 

The embryo is next divided by two constriction.s into three .segments ; 
and there are formed the three appendages corresponding to these, which are 
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at first simple. The two postei'ior soon become biramous. The larva leaves 
the egg before any further appendages become formed. 

Comparative development of the organs. 

Central neriroiis system. The ventral nerve cord of the 
Crustacea develops as a thickening of the epiblast along the 
median ventral line ; the differentiation of which commences in 
front, and thence extends backwards. The ventral cord is at 
first unsegmented. The supra-oesophageal ganglia originate as 
thickenings of the epiblast of the procephalic lobes. 

The details of the above processes are still in most cases very imper- 
fectly known. The fullest account we have is that of Reichenbach (No. 488) 
for Astacus. He finds that the supra- oesophageal ganglia and ventral cord 
arise as a continuous formation, and not independently as would seem to be 
the case in Chmtopoda. The supra-ccsophageal ganglia are formed from the 
procephalic lobes. The first trace of them is visible in the form of a pair of 
pits, one on each side of the middle line. These pits become in the 
Nauplius stage very deep, and their walls are then continued into two ridges 
whei*e the epiblast is several cells deep, which pass backwards one on each 
side of the ntouth. The walls of the pits are believed by Reichenbach to 
give rise to the optic portions of the supra-cesophageal ganglia, and the 
epiblastic ridges to the remainder of the ganglia and to the circum-cjesopha- 
geal commissures. At a much later stage, when the ambulatory feet have 
become formed, a median involution of epiblast in front of the mouth and 
between the two epiblast ridges gives rise to a central part of the supra- 
tesophageal ganglia. Five elements are thus believed by Reichenbach to be 
concerned in the formation of these ganglia, viz. two epiblast pits, two 
epiblast ridges, and an involution of epiblast between the latter'. It should 
be noted however that the fate neither of the pair of pits, nor of the median 
involution, appears to have been satisfactorily worked out. The two 
epiblast ridges, which pass back from the supra-oesophageal ganglia on 
each side of the mouth, are continued as a pair of thickenings of the epiblast 
along the sides of a median ventral groove. This groove is deep in front 
and shallows out posteriorly. The thickenings on the sides of this groove 
no doubt give rise to the lateral halves of the ventral cord, and the cells of 
the groove itself are believed by Reichenbach, but it appears to me without 
sufficient evidence, to become invaginated also and to assist in forming the 
ventral cord. When the ventral cord becomes separated from the epiblast 
the two halves of it are united in the middle line, but it is markedly bilobed 
in section. 

In the Isopoda it would appear both from Bobretzky’s and Biillar’s 
observations that the ventral nerve cord arises as an unpaired thickening of 
the epiblast in which there is no trace of anything like a median unjolittion. 
After this thickening has become separated from the epiblast a .slight 
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median furrow indicates its constitution out of two I.UcimI i;or<ls, Tlu' 
supra-cesopliagcal ganglia are stated to be developed t|uite simply as a pair 
of thickenings of tbc procephalic lobes, but whether they are froiu the 
lirsi continuous with the ventral cord does not ai»]>ear to have been deter 
mined. 

The later .stages in the (Ufferentialuat of tint vtaitral curd art', 
so far as is known, very similar throughout the (.inuslatam. The 
ventral cord is, as has been stated, at fir.st unsegmentod (bg’. 2.|i 
A, but soon becomes divided by a scries t)r constrictions into 
as many ganglia as there are pairs of appendages or segments 
(fig. 241 B, vg). 

There appears either on the ventral side (Oniscins) or in the 
centre (Astacus, Palsemon) of the two halves of each segment or 
ganglion a space filled with finely punctuated material, which is 
the commencement of the commissural portion of the cords. 
The commissural tissue soon becomes continuous through the 
length of the ventral cord, and is also prolonged into the supra- 
oesophageal ganglia. 

After the formation of the commissural tissue the remaining 
cells of the cord form the true ganglion cells. A gradual 
separation of the ganglia next takes place, and the cells become 
confined to the ganglia, which arc finally only connccteti by a 
double band of commissural tissue. The commissural tissue not 
only gives rise to the longitudinal cords connecting the succcs.sive 
ganglia, but also to the transverse commissure.s which unite the 
two halves of the individual ganglia. 

The ganglia usually, if not always, appear at first to corre- 
spond in number with the segments, and the .smaller number so 
often present in the adult is due to the coalescence of originally 
distinct ganglia- 

Organs of special sense. Comparatively link; i.s knenvn on 
this head. The compound eyes arc developed from the c(;ales- 
cence of two structures, both however cpiblastic, viz. (i) part of 
the superficial epiblast of the procephalic lobe.s ; (2) part of the; 
supra-ocsophageal ganglia. The former gives rise to the corneal 
len-ses, the crystalline cones, and the pigment siirrunnding 
them ; the latter to the rhabdoms and the cells which (;ncirclc 
them. Between these two parts a mcsoblastic pigment is inlc'r- 
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Of the development of the auditory and olfactory organs 
almost nothing is known. 

Dorsal organ. In a considerable number of the Malacostraca 
and Branchiopoda a peculiar organ is developed from the epiblast 
in the anterior dorsal region. This organ has been called the 
dorsal organ. It appears to be of a glandular nature, and is 
usually very lai'ge in the embryo or larva and disappears in the 
adult ; but in some Branchiopoda it persists through life. In 
most cases it is unpaired, but in some instances a paired organ 
appears to take its place. 

Various views as to its nature have been put forward. There 
is but little doubt of its being glandular, and it is possible that it 
is a provisional renal organ, though so far as I know concretions 
have not yet been found in it 

Its development has been most fully studied in the Isopoda. 

In Cymothoa (Bullar, No. 499) there appears on the dorsal surface, in the 
region which afterwards becomes the first thoracic segment, an impaired 
linear thickening of the blastoderm. This soon becomes a circular patch, 
the central part of which is inva- 
ginated so as to communicate 
with the e.Kterior by a narrow 
opening only (fig. 243). It be- 
comes at the same time attached 
to the inner egg membrane. It 
retains this condition till the close 
of larval life. 

In Oniscus (Dohxm, No. 500; 

Bobretzky, No. 498) there appears 
very early a dorsal patch of thick- 
ened cells. These cells become 
attached at their edge to the 
inner egg membrane and gradu- 
ally separated from the embryo, 
with which they finally only re- 
main in connection by a hollow 
column of cells (fig. 241 A, do). 

The original patch now gradually spreads over the inner egg membrane, and 
forms a transverse saddle-shaped band of flattened cells which engirths the 
embryo on all but the ventral side. 

In the Amphipods the epiblast cells remain attached for a small area on 
the dorsal surface to the first larval skin, when this is formed. This patch 
of cells, often spoken of as a micropyle apparatus, forms a dorsal organ 
eiiuivalent to that in Oniscus. A perforation is formed in it at a later 



Fig, 243. UlAGKAMMATIG SECTION OF 

Cymothoa shewing the dorsal organ. 
(From Bullar.) 
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period. A perhaps homologous structure is found in the embryos of iMipluiu- 
sia, Ciima, etc. 

In many Branchiopoda a dorsal organ is found. Us dcveloi)ment has 
been studied by Grob- 
ben in Moina. It 
persists in the adult 
in Branchipus, Lim- 
nadia, Estherea, etc. 

In the Gopepoda 
a dorsal organ is 
sometimes found in 
the embryo ; Grob- 
ben at any rate be- 
lieves that he has 
detected an organ of 
this nature in the 
embryo of Cyclops 
serrulatus. 

A paired organ 
which appears to be 
of the same nature 
has been found in 
Asellus and Mysis. 

In Asellus (Rathke (No. 501), Dohrn (No. 500), Van Beneden (No. 4!)7)) 
this organ originates as two cellular masses at the sides of the body just 
behind the region of the procephalic lobes. Each of them becomes trifoliate 
and bends towards the ventral surface. In each of their Iol)cs a cavity 
arises and finally the three cavities unite, forming a trilobed cavity open to 
the yolk. This organ eventually becomes so large that it breaks through the 
egg membranes and projects at the sides of the embryo (fig. 243 '. Though 
formed before the appendages it does not attain its full development till 
considerably after the latter have become well established. 

In Mysis it appears during the Nauplius stage as a pair of cavitie,s lined 
by columnar cells, which atrophy very early. 

Various attempts have been made to identify organs in other Arthropod 
embryos with the dorsal organ of the Crustacea, Init the only organ at all 
similar which has so far been described is one found in the embryo of Lingu- 
atula {vide Chapter xix,), but there is no reason to think that this organ is 
really homologous with the dorsal organ of the Crustacea. 

The mesoblast. The mesoblast in the types .so far inve.sti- 
gated arises from the same cells as the hypoblast, anti appears 
as a somewhat irregular layer between the epibla.st and the 
hypoblast. It gives rise to the same parts as in other fonri.s, but 
it is remarkable that it does not, in most Decapods and Jstjpotls 



Fig. 243. Diagramma'I’ic section oi'- an emhkvo 
OF AsKLEUS AQUATICUS to .shew the rAIKKl) MOUSAl. 
ORGAN. (From Bullar ; after E, van Benctlen.) 
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(and so far we do not know about other forms), become divided 
into somites, at any rate- with the same distinctness that is usual 
in Annelids and Arthropods. Not only so, but there is at first 
no marked division into a somatic and splanchnic layer with an 
intervening body cavity. Some of the cells become differentiated 
into the muscles of the body wall and limbs ; and other cells, 
usually in the form of a very thin layer, into the muscles of the 
alimentary tract. In the tail of Palcsmou Bobretzky noticed 
that the cells about to form the muscles of the body were 
imperfectly divided into cubical masses corresponding with the 
segments ; which however, in the absence of a central cavity, 
differed from typical mesoblastic somites. In Mysis Metschni- 
koff states that the mesoblast becomes broken up into distinct 
somites. Further investigations on this subject are required. 
The body cavity has the form of irregular blood sinuses amongst 
the internal organs. 

Heart. The origin and development of the heart and vascular system 
are but very imperfectly known. 

In Phyllopods (Branchipus) Claus (No. 454) has shewn that the heart is 
formed by the coalescence of the lateral parts of the mesoblast of the ventral 
plates. The chambers are formed successively as the segments to which 
they belong are established, and the anterior chambers are in full activity 
while the posterior are not yet formed. 

In Astacus and Palmmon, Bobretzky finds that at the stage before the 
heart definitely appears thei'e may be seen a solid mass of mesoblast cells 
in the position which it eventually occupies^; and considers it probable that 
the heart originates from this mass. At the time when the heart can first 
be made out and before it has begun to beat, it has the form of an oval sack 
with delicate walls separated from the mesentei-on by a layer of splanchnic 
mesoblast. Its cavity is filled with a peculiar plasma which also fills up the 
various cavities in the mesoblast. Around it a pericardial sack is soon 
formed, and the walls of the heart become greatly thickened. F our bands 
pass off from the heart, two dorsalwards which become fixed to the 
integument, and two ventralwards. There is also a median band of cells 
connecting the heart with the dorsal integument. The main arteries arise 
as direct prolongations of the heart, Dohrn’s observations on Asellu.s 
greatly strengthen the view that the heart originates from a solid meso- 
blastic mass, in that he was able to observe the hollowing out of the mass in 

1 Roichcnbacli dcscrilies the.se cells, and states that there is a thickening of the 
epilihist adjoining them. In one phace he states that the heart arise.s from this thicken- 
ing of cpil)la.sl, and in another that it arises from the mesoblast. An epibla.stic origin 
of llu' bearl is exiremely improbable. 
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the living embryo (cf. the development of the heart in Spidcrsl Sonui of tlri^ 
central cells (nuclei, Dohrn) become blood corpuscles. The (orniatiuu ol 
these is not, according to Dohrn, confined to the licart, but takes place m 
situ in all the parts of the body (antennae, appendages, etc.). 'I’he ('oipii.sch's 
are formed as free nuclei and are primarily derived from the y<dk, wiiif.-.h at 
first freely communicates with the cavities of the appendage.s. 

Alimentary tract, in Astacus the formation of the uu'senteron by 
invagination, and the absorption of the yolk by the hypoldast cells, have 
already been described. On the absorption of the yolk the mosonteron has 
the form of a sack, the walls of which are formed of immensely long cells -- 
the yolk pyramids— at the base of which the nucleus is phu;cd (tig. B). 
This sack gives rise both to the portion of the alimentary canal between the 
abdomen and the stomach and to the liver. The epithelial wall of both of 
these parts is formed by the outermost portions of the pyramids with the 
nuclei and protoplasm becoming separated off from the yolk as a Layer of 
flat epithelial cells. The yolk then breaks up and forms a mass of nutritive 
material filling up the cavity of the mesenteron. 

The differentiation both of the liver and alimentary tract ju-oper iirst 
takes place on the ventral side, and commcncc.s close to the point where iluj 
proctodmum ends, and extends forward from this point. A layer of epithelial 
cells is thus formed on the ventral side of the moscnloron which very soon 
becomes raised into a series of longitudinal folds, one of which in the 
middle line is very conspicuous. The median fold eventually, by luiiting 
with a corresponding fold on the dors.al side, gives rise to the true meseute- 
ron ; while the lateral folds form parallel hepatic cylinders, which in front 
are not constricted off from the alimentary tract. 'I'he lateral parts of the 
dorsal side of the mesenteron similarly give rise to hepatic cylinders. 'I'lie 
yolk pyramids of the anterior part of the mesenteron, which projects 
forwards as a pair of diverticula on each side to the level of the .stomach, are 
not converted into hepatic cylinders till after the larva is hatched. 

The proctodieum very early opens into the mesenteron, hut the .stuino- 
dmum remains closed till the differentiation of the mid-gut is nearly 
completed. The proctodmum gives rise to the abdominal part of the intes- 
tine, and the stomodmum to the oesophagus and stomach. The commence- 
ment of the masticatory apparatus in the latter appears very early us a 
dorsal thickening of the epithelium. 

The primitive mesenteron in Palmmon differentiates itself into the 
permanent mid-gut and liver in a manner generally similar to that in 
Astacus, though the process is considerably less complicated. A distinct 
layer of cells separates itself from the outer part of the yolk pyramitls. 
and gives rise to the glandular lining both of the mid-gut and of tin; liver. 
The differentiation of this layer commences behind, and the mid-gut very 
soon, communicates freely with the proctodaaim. Tlic lateral parts of 
the primitive mesentei'on become constricted into four wings, two ditx'cicd 
forwards and two backwards ; these, after the yolk in them h:is become, 
absorbed, constitute the liver. The median part simply becomes the me- 
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senteron. The stomachic end of the stomodteum lies in contact with the 
mcsentcron close to the point where it is continued into the hepatic 
diverticula, and, though the partition-wall between the two becomes early- 
very thin, a free communication is not established till the yolk has been 
completely absorbed. 

'Fhe alimentary tract in the Isopoda is mainly if not entirely formed 
from the proctocheum and stomodecum, both of which arise before any other 
part of the alimentary system as epiblastic invaginations, and gradually 
grow inwards (fig. 244). In Oniscus the liver is formed as two discs 
at the surface of the yolk on each side of the anterior part of the body. 
Their walls are composed of cubical cells derived from the yolk cells, the 



Fig. 244. Two longitudinal sections through the embryo on Oniscus 
MURAR ius. (After Bobretzky.) 

.iT. slomodieimi ; pr, proctocheum; //ja hypotilast formed of large nucleated cells 
iml)eclded in yolk ; m. mesoblast ; vg. ventral nerve cord ; sg. su]rra-cesoiihagcal gan- 
glion ; li. liver ; do. dorsal organ ; sp. rudiment of masticaterry apparatus. 

origin of which was spoken of on p. 516. These two discs gradually take 
the form of sacks (fig. 244 B, li.) fi-ecly open on their inner side to the 
yolk. As these sacks continue to grow the stomodtemn and proctodaaim 
do not remain passive. The stomodmuin, which gives rise to the cesophagus 
and stomach of the adult, soon exhibits a posterior dilatation destined to 
become the stomach, on the dorsal wall of which a well-marked prominence 
— the earliest trace of the future armature — is soon formed (fig. 244 B, 
r:p>). The proctodmum (T^r) grows with much greater rapidity than the 
stomocheum, and its end adjoining the yolk becomes extremely thin or even 
broken through. In the earliest stages it was surrounded by the yolk cells, 
but in its later growth the yolk cells become gradually reduced in number 
and appear to recede before it — so much so that one is led to conclude 
that the later growth of the proctodmum takes place at the expense of the 
yolk cells. 

The liver sacks become filled with a granular material without a trace 
of cells ; their posterior wall is continuous with the yolk cells, and their 
anterior lies close behind the stomach. The proctodteum continually 
grows forwards till it approaches close to the stomodeeum, and the two 
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liver sacks, now united into one at their base, become directly continuous 
with the proctodmuni. By the stage when this junction is cfiecicd tlic yolk 
cells have completely disappeared. It seems then that in Oniscus the yolk 
cells (hypoblast) are mainly employed in giving rise to the walls of the 
liver; but that they prob.ably also supply the material for the later gro^\’lh 
of the apparent proctodieum. It becomes therefore necessary to conclude, 
that the latter, which might seem, together with the stomodanim, to lonu 
the whole alimentary tract, does in reality correspond to the proclodaauu 
and mesenteron together, though the digestive fluids .arc no doulh mainly 
secreted not in the mesenteron but in the hepatic diverticula. The procto- 
dseum and stomodteum at first meet each other without communicating, but 
before long the partition between the two is broken through. 

In Gymothoa (BuUar, No. 499) the proctodseum and stomodmum 
develop in the same manner as in Oniscus, but the hypoblast has eptite 
a different form. The main mass of the yolk, which is much greater than 
in Oniscus, is not contained in definite yolk cells, but the hypoblast is 
represented by (r) two solid masses of cells, derived apparently from the 
inner layer of blastoderm cells, which give rise to the liver ; and ( 2 ) 1.)y a 
membrane enclosing the yolk in which nuclei are present. 

The two hepatic masses lie on the surface of the yolk, .and each of them 
becomes divided into three short cmcal tubes freely open to the yolk. 
The stomodasum soon reaches its full length, but the proctodicum grows 
forwards above the yolk till it meets the stomodeeura. By the time this 
takes place the liver caeca have grown into three large tubes filled with 
fluid, and provided with a muscular wall. They now lie above the yolk, 
and no longer communicate directly with the cavity of the yolk sack, 
but open together with the yolk sack into the point of junction of the 
proctodmum and stomodaeum. The yolk sack of Cymotljoa no doubt 
represents part of the mesenteron, but there is no evidence in favour of 
any part of the apparent proctodmum I'cpresenting it also, though it is 
quite possible that it may do so. The relations of the yolk sack and hepatic 
diverticula in Gymothoa appear to hold good for Asellus and probiibly for 
most Isopoda. 

The differences between the Decapods and Isopods in the development 
of the mesenteron .are not inconsiderable, but they arc probably lo he 
explained by the relatively larger amount of food yolk in the latter forms. 
The solid yolk in the Isopods on this view represents the primitive mesen- 
teron of Decapods after the yolk has been absorbed by the hypoblast cells. 
Starting from this standpoint we find that in both groups the Lateral p.ai't.s of 
the mesenteron become the liver. In Decapods the middle piul becomes 
directly converted into the mid-gut, the differentiation of it commeni'.lng 
behind and proceeding forwards. In the Isopods, owing to the mesenteron 
not having a distinct cavity, the differentiation of it, which proceeds forwards 
as in Decapods, appears simply like a prolongation forwards of the prorto- 
docum, the cells for the prolongation being probably supplied from the yolk. 
In Gymothoa the food yolk is so bulky that a spccinl yolk sack is developed 


CRUSTACEA. 


529 


for its retention, which is not completely absorbed till some time after the 
alimentary canal has the form of a continuous tube. The walls of this yolk 
sack are morphologically a specially developed part of the mesenteron. 
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CHAPTER XIX. 


PCECILOPODA, PYCNOGONIDA, TARDIGRADA, AND !JN- 

GUAl'ULIDA ; AND COMPARATIVE SUMMARY OF 

ARTFIROPODAN DEVELOPMENT. 

The groups dealt with in the present Cliupter undoubtedly 
belong to the Arthropoda. They are not closely n^luted, and in 
the case of each group it is still uncertain with which <tf Iht: 
main phyla they should be united. It is possible that they may 
all be offshoots from the Arachnidan phylum. 

PtECILOPODA. 

The development of Limulus has been studied by Dohrn (No. .oJilt) and 
Packard (No. 634 ). The ova are laid in the sond near the sprinj.'-lide 
marks. They are enveloped in a thick chorion formed of .several lay<.!rs ; 
and (during the later stages of development at any rate) there is a mem- 
brane within the chorion which exhibits dear indications of radl outlines'. 

There is a centrolecithal segmentation, which ends in the formation of 
a blastoderm enclosing a central yolk mass. A ventral plate i.s then 
formed, which is thicker in the region where the abdomen is eventually 
developed. Six segments soon become faintly indicated in the cephalt)- 
thoracic region, the ends of which grow out into prominent uppemlages 
(fig. 245 A) ; of these there are six pairs, which increase in size from before 
backwards. A stomodmum {nt) is by this time established anti ix piihYti "nH'/i 
in front of the foremost pair of appcHdages\ 

In the course of the next few days the two first appendages of the 
abdominal region become formed {^akie fig. 345 C shewing those abdomijiai 
appendages at a later stage), and have a very different sIia]K; and tliremion 
to those of the ccphalothorax. The appendages of the latter become 

^ The nature of the inner merabnine is ob-scure. It is believed by I'ai’knrd to be 
moulted after the formation of the limbs, and to be equivalent to the amnion of Inxtwtx, 
while by Dohrn it is regarded as a product of the follicle cells. 

2 Dohrn finds at first only five appendages, but thinks that the .sixth (llu: anUaior 
one) may have been present but invisible. 
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flexed in tlie middle in such a way that their ends become directed towards 
the median line (fig. 245 B). The body of the embryo (fig. 245 B) is 
now distinctly divided into two regions — the cephalothoracic in front, and 
the abdominal behind, both divided into segments. 



Fig. 245. Three stages in the .develoement oe Limulus poia'I'Hemus, 
(Somewhat modiried from Packard.) 

A. Embryo in which the thoracic limbs and mouth have become developed on 
the ventral plate. The outer line represents what Packard believes to be the amnion. 

B. Later embryo from the ventral surface. 

C. Later embryo, just before the splitting of the chorion from the side. The full 
number of segments of the abdomen, and three abdominal appendages, have become 
established ; m. mouth ; i— ix. appendages. 

Round the edge of the ventral plate there is a distinct ridge — the 
rudiment of the cephalothoracic shield. 

With the further growth of the embryo the chorion becomes split 
and cast off, the embryo being left enclosed within the inner membrane. 
The embryo has a decided ventral flexure, and the abdominal region 
grows greatly and forms a kind of cap at the hinder end, while its 
vaulted dorsal side becomes divided into segments (fig. 245 C). Of these 
there ai'e according to Dohrn seven, but according to Packard nine, of 
which the last forms the rudiment of the caudal spine. 

In the thoracic region the nervous system is by this stage formed as 
a ganglionated cord (Dohrn), with no resemblance to the peculiar rnsopha- 
geal ring of the adult. The mouth is stated by Dohrn to lie between the 
second pair of limbs, so that, if the descriptions we have are correct, it must 
have by this stage changed its position with reference to the appendages. 
Between the thorax and abdomen two papillifi have arisen which form the 
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so-called lower lip of the adult, but from their position aiul laie (h;velo{»in.'nt 
they can hardly be regarded as segmental appendages. In the course ul 
further changes all the parts become more distinct, while tlu- nieinbiime in 
which the larva is placed becomes enormously distended (iitp e.ib At 'i'he 
rudiments of the compound eyes are formed im the third (Packard) or loiirtli 
(Dohrn) segment of the cephalothorax, and the siinjile eyes near the meilian 
line in front The rudiments of the imier process of the chela; of the ci'plia- 
lothoracic appendages arise as buds. The abdominal appendages beconte 
more plate-like, and the nicliments of a third pair appear behind the two 
already present. The heart appears on the dorsal surface. 

An eedysis now takes place, and in the stage following the limbs have 
approached far more closely to their adult state (fig, 246 A). The 
cephalothoracic appendages become fully jointed ; the two anterior ab- 
dominal appendages (vil.) have approached, and begin to resemble the oper- 



FIG. 246. Two STAGES IN THE l>EVE1.0fMENT OK i,fMU(,US I'ol.Vl'd)- M US. 
(After Dolini.) 

A. An advanced embryo enveloped hi llie di.steink'd inner nn'iiibianc riiortly 
before hatching ; from the ventral side. 

B. A later embryo at the Trilobitc .stage, from the ilorsal side. 

I., vn., vui. First, seventh, and eight appentlages. 

cs. caudal spine ; se, simple eye ; a\ compound eye. 

culum of the adult, and on the second pair is funned a small iniKT ramus. 
The segmentation of the now vaulted cephiilothora.v bcrome.s Ics.s tilivious, 
though still indicated by the arrangement of llie yolk masses whieh form 
the future hepatic diverticula. 

Shortly after this stage the embryo is hatched, and at about the time ol 
hatching acquires a form (fig. 246 B) in which it bears, as pointed out by 
Dohrn and Packard, the most striking resemblance to a Trilobitc. 

Viewed from the dorsal surface (fig. 246 B) it is divided into two 
distinct regions, the cephalothoracic in front and the abdominal behind. 
The cephalothoracic has become much flatter and wider, has lust all trace 
of its previous segmentation, and has become distinctly trilolKul. llie 
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central lobe forms a well-marked keel, and at the line of insertion of the 
rim-like edge of the lateral lobes are placed the two pairs of eyes (s^ and 
ce). The abdominal region is also distinctly trilobed and divided into nine 
segments ; the last, which is merely formed of a median process, being the 
rudiment of the caudal spine. The edges of the second to the seventh are 
armed with a spine. The changes in the appendages are not very con- 
siderable. The anterior pair nearly meet in the middle line in front oi 
the mouth j and the latter structure is completely covered by an upper 
lip. Each abdominal appendage of the second pair is provided with four 
gill-lamellfe, attached close to its base. 

Three weeks after hatching an ecdysis takes place, and the larva passes 
from a trilobite into a limuloid form. The segmentation of the abdomen 
has become much less obvious, and this part of the embryo closely resem- 
bles its permanexit form. The caudal spine is longer, but is still relatively 
short. A fourth pair of abdominal appendages is established, and the first 
pair have partially coalesced, while the second and third pairs have become 
jointed, their outer ramus containing four and their inner three joints. 
Additional gill-Iamellm attached to the two basal joints of the second and 
third abdominal appendages have appeared. 

The further changes are not of great importance. They are effected in 
a series of successive moults. The young larvte swim actively at the 
surface. 

Our, in many respects, imperfect knowledge of the development of 
Limulus is not sufficient to shew whether it is more closely related to the 
Crustacea or to the Arachnida, or is an independent phylum. 

The somewhat Crustacean character of biramous abdominal feet, etc. 
is not to be denied, but at the same time the characters of the embryo 
appear to me to be decidedly more arachnidan than crustacean. The 
embryo, when the appendages are first formed, has a decidedly arach- 
nidan facies. It will be remembered that when the limbs are first formed 
they are all post-oral. They resemble in this respect the limbs of the 
Arachnida, and it seems to be probable that the anterior pair is equivalent 
to the chelicerm of Arachnida, which, as shewn in a previous section, are 
really post-oral appendages in no way homologous with antemiieb 

The six thoracic appendages may thus be compared with the six 
Arachnidan appendages; which they resemble in their i-elation to the 
mouth, their basal cutting blades, etc. 

The existence of abdominal appendages behind the six cephalothoracic 
does not militate against the Arachnidan affinities of Limulus, because in 
the Ai'achnida rudimentary abdominal appendages are always present in 
the embryo. The character of the abdominal appendages is probably 

Dohm believes that he has succeeded in shewing that the first pair of appendages 
of Limulus is innervated in the embryo from the supra-oesopliageal ganglia. Ilis 
observations do not appear to me conclusive, and, arguing from what we know of the 
<leveIopmenL of the Arachnida, the innervation of these appendage.s in the adult can be 
of no morphological imjjortance. 
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secondarily adapted to an aquatic I’espiration, since it is likely (lor the 

reasons ah'eady mentioned in connection with the Traclieata) that if Liiniilns & . 

has any affinities with the stock of the Trachcata it is doscendetl iVom air- 
breathing forms, and has acquired its aquatic mode of respiration, 'riu; i 

anastomosis of the two halves of the generative giaiuls i.s an Aradinidun 
character, and the position of the generative openings in Linudus is more 
like that in the Scorpion than in Crustacea. 

A fuller study of the development would be very likely to throw 
further light on the affinities of Liniulus, and if Packaiafs view about the 
nature of the inner egg membrane were to be confirmed, strong evidence ; 

would thereby be produced in favour of the Arachnidan affinities. 

(533) A. Dohrn. “Untersuch. iib. Bau u. Entwick. cl. Arthropoden (Limulus 

polypliemus).” J'maische Zdtschrift, Yo\.Yi., i?i‘]i, ! 

(534) A. S. Packard. “The development of Liraiiliis polyphemus.” Mem. i 

, Boston Soc, Nat. JJistory., 

PYGNOGONIDA. f 

The embryos, during the first phases of their dcvclc)))nient, arc always [ 

carried by the male in sacks which are attached to a pair of appendages S 

(the third) specially formed for this purpose. The segmeutiuion of the i 

ovum is complete, and there is in most forms developed within the egg- I 

shell a larva with three pairs of two-jointed appendages, and a rostrum i 

placed between the front pair. ' 

It will be convenient to take Achelia Imvis, studied by Dohrn (No. &30), 
as type. ‘! 

The larva of Achelia when hatched is provided with the typical three 
pairs of appendages. The foremost of them is chelate, and the two follow- 
ing pairs are each provided with a claw. Of the three pairs of larval ? 

appendages Dohrn states that he has satisfied himself that the anterior is ; 

innervated by the supra-oesophageal ganglion, and the two posterior by i 

separate nerves coming from two imperfectly united ventral ganglia. The 
larva is provided with a median eye formed of two coalesced pigment ? 

spots, and with a simple stomach. 

The gi'adual conversion of the larva into the adult takes place by the 
elongation of the posterior end of the body into a papilla, ami the forma- 
tion there, at a later period, of the anus ; while at the two sides of the 
anal papilla rudiments of a fresh pair of appendages— the first pair of am- 
bulatory limbs of the adult--make their appearance. I’he thi'ce remaining 
pairs of limbs become formed successively as lateral outgrowths, and their 
development is accomplished in a number of successive eedyses. As they 
are formed casca from the stomach become prolonged into them. i*'t)r each 
of them there appears a special ganglion. While the above c]iangc.s are 
taking place the three pairs of larval appendages undergo conskler:i]>k; 
reduction. The anterior pair singly becomes smaller, the second loses 
its claw, and the third becomes reduced to a mere stump. In the adult the 
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second pair of appendages becomes enlarged again and forms the so-called 
palpi, while the third pair develops in the male into the egg-carrying append- 
ages, but is aborted in the female. The first pair form appendages lying 
parallel to the rostrum, which are sometimes called pedipalpi and some- 
times antennje. 

The anal papilla is a rudimentary abdomen, and, as Dohrn has shewn, 
contains rudiments of two pairs of ganglia. 

The larvrn of Phoxichilidium ar-e parasitic in various Hydrozoa (tlydrac- 
tinia, etc.). After hatching they crawl into the Hydractinia stock, They 
are at first provided with the three normal pairs of larval appendages. The 
two hinder of these are soon thrown off, and the posterior part of the trunk, 
with the four ambulatory appendages belonging to it, becomes gradually 
developed in a series of moults. The legs, with the exception of the hinder- 
most pair, are fully formed at the first ecdysis after the larva has become 
free. In the genus Pallene the metamorphosis is abbreviated, and the 
young are hatched with the full complement of appendages. 

The position of the PycnogOnida is not as yet satisfactorily settled. 
The six-legged larva has none of the characteristic features of the Nauplius, 
except the possession of the same number of appendages. 

The number of appendages (7) of the Pycnogonida does not coincide 
with that of the Arachnida. On the other hand, the presence of chelate 
appendages innervated in the adult by the supra-cesophageal ganglia I'ather 
points to a common phylum for the Pycnogonida and Arachnida ; though as 
shewn above (p. 455) all the appendages in the embryo of true Arachnida 
are innervated by post-oral ganglia. The innervation of these appendages 
in the larvte of Pycnogonida recpiires further investigation. Against 
such a relationship the extra pair of appendages in the Pycnogonida is 
no argument, since the embryos of most Arachnida are provided with four 
such extra pairs. I'he two groups must no doubt have diverged very 
early. 
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PENTASTOMIDA. 

The development and metamorphosis of Pentastomum tmnoides have 
been thoroughly worked out by Leuckart (No. 540 ) and will serve as type 
for the group. 
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In tlie sexual state it inhabits the nasal cavities of the 'I'iu; early 
embryonic development takes place as the ovum gradually passes down the ^ 

uterus. The segmentation appears to be complete ; and gives rise to an 
oval mass in which the separate cells can hardly 1 .k; distiuguished. This 
gradually differentiatas itself into a characteristic embryo, divided into a, tail 
and trunk. The tail is applied to the ventral surface of the Inmk, and on 
the latter two pairs of stump-like unsegmented appendages arise, each 
provided with a pair of claws. At the anterior extremity ol the body is 
formed the mouth, with a ventral spine and lateral hook, which are iKU-hajJs 
degenerated jaws. The spine functions as a boring apparatins, and an 
apparatus with a similar function is formed at the end of the tail. A larval 
cuticle now appears, which soon becomes detached from the embryo, except 
on the dorsal surface, where it remains firmly united to a peculiar papilla. 

This papilla becomes eventually divided into two parts, one of which remains 
attached to the cuticle, while the part connected with the embryo forms a 
raised cross placed in a cup-shaped groove. The whole structure has been 
compared, on insufficient grounds, to the dorsal organ of the Cruslacua. 

The eggs, containing the embryo in the coiulitiou above ilestTilnal, are 
eventually carried out with the nasal slime, and, if transported ihciu'e into 
the alimentary cavity of a rabbit or hare, the cmbiyos iKicome battdu'd by 
the action of the gastric juice. From the alimentary tract of Uieir tu'w host 
they make their way into the lungs or liver. 'I'licy hero becaaue envtthjpcd 
in a cyst, in the interior of which they undergo a very remarkable metamor- 
phosis, They are, however, so minute and deliotite that l.cuckart was 
unable to elucidate their structure till eight weeks after they had been 
swallowed. At this period they are irregularly-shapcrl organisms, wuth a 
most distant resemblance to the earlier embryos. They are withcnit their 
previous appendages, but the alimentary tract is now distinctly differeuti.atud, 

The remains of two cuticles in the cyst seem to shew that the above cluinge.s 
are effected in two eedyses. 

In the course of a series of eedyses the various organs of tlu; larval form 
known as Pentastoraum denticulatum continue to become iliffcrentiated. 

After the first (=third) eedysis the (esophageal nerve-ring' and sexually 
undifferentiated generative organs arc developed. At the fourth (=•• si.xth) 
eedysis the two pairs of hooks of the adult are formed in po(:kel.s wbicb 
appeared at a somewhat earlier stage ; and the body accpiire.s an aimulattal 
character. At a somewhat earlier period rudiments of the e.Ktw nal genenr 
tive organs indicate the sex of the larva. 

After a number of further eedyses, which are completed in about .six 
months after the introduction of the embryos into the inlermcdiaU; lio.st, the 
laiwa attains its full development, and acquires a form in which it has long- 
been known as Pentastoraum denticulatum. It now leaves ii.s cyst am! 
begins to move about. It is in a state fit to be introduced into its iiual lioht ; 
but if it be not so introduced it may become encysted afresh. 

If the part of a rabbit or hare infected by a I'cntastomum denticulatum 
be eaten by a dog or wolf, the parasite passes into the nasal cavity of ibe 
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latter, and after further changes of cuticle becomes a fully-developed sexual 
Pentastomum ttenioides, which does not differ to any very marked extent 
from P. denticulatum. 

In their general characters the larval migrations of Pentastomum are 
similar to those of the Cestodes. 

The internal anatomy of the adult Pentastomum, as well as the 
characters of the larva with two pairs of clawed appendages, are perhaps 
sufficient to warrant us in placing it with the Arthropoda, though it would 
be difficult to shew that it ought not to be placed with such a form as 
Myzostomum {vide p. 369). There do not appear to be any sufficient 
grounds to justify its being placed with the Mites amongst the Arachnida. 
If indeed the rings of the body of the Pentastomida are to be taken as 
implying a true segmentation, it is clear that the Pentastomida cannot be 
associated with the Mites. 
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Tardigrada. 

Very little is known with reference to the development of the Tardigrada. 
A complete and regular segmentation (von Siebold, Kaufmann, No. 541) is 
followed by the appearance of a groove on the ventral side indicating a 
ventral fle.xure. At about the time of the appearance of the groove the cells 
become divided into an epiblastic investing layer and a central hypoblastic 
mass. 

The armature of the pharynx is formed very early at the anterior 
extremity, and the limbs arise in succession from before backwards. 

The above imperfect details thi-ow no light on the systematic position of 
this group. 

Tardigrada. 

(541) J, Kaufmann. “ Ueber die Entwicklung u. .systcmatischc Stellung d. 
Tardigraden.’’ Zcit.f wm. Zooi., Bd. in. 1851. 

Summary of Arthropodati Development. 

The numerous characters common to the whole of the 
Arthropoda led naturalists to unite them in a common phylum, 
but the later researches on the genealogy of the Tracheata and 
Crustacea tend to throw doubts on this conclusion, while there 
is not as yet sufficient evidence to assign with certainty a 
definite position in either of these classes to the smaller groups 
described in the present chapter. There seems to be but little 
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doubt that the Tracheata are descended from a terrestria,! Aniic- 
lidan type related to Peripatus. The affinities of l’cri[)atus to 
the Tracheata arc, as pointed out in a previous cha]iter (p. 
very clear, while at the same time it is not possible lo regard 
rcripatus simply as a degraded Trachcate, owing to the fact 
that it is provided with such distinctly Annelidan organs as 
nephridia, and that its geographical distribution slunvs it to Ire a 
very ancient form. 

The Crustacea on the other hand are clearly descended from 
a Phyllopod-like ancestor, which can be in no way related to 
Peripatus. 

The somewhat unexpected conclusion that the Arthroixxla 
have a double phylum is on the whole borne out by tlie anatomy 
of the two groups. Without attempting to prove this in detail, 
it may be pointed out that the Crustacean ap])endages tire 
typically biramous, ivhilc those of the I’racheata are never at 
any stage of development binimous'; and the similarity between 
the appendages of some of the higher Crustacea and those of 
many Tracheata is an adaptive one, and could in no ctise be 
used as an argument for the affinity of the two groups. 

The similarity of many organs is to be exphiineil by botli 
groups being descendants of Annelidan ancestors. The simi- 
larity of the compound eye in the two groups cannot however 
be explained in this way, and is one of the greatest difficult ie.s 
of the above view. It is moreover remarkable that the eye of 
Peripatus’® is formed on a different type to either the single or 
compound eyes of most Arthropoda. 

The conclusion that the Crustacea and Tracheata belong to 
two distinct phyla is confirmed by a ciMisidi-ration of their 
development They have no doubt in common a centroledtha] 
segmentation, but, as already insisted on, the segmentation is 
no safe guide to the affinities. 

In the Tracheata the archentcron is never, so far as w<-; 
know, formed by an invagination", while in Cruslacisi the 

^ The hiflagellate antennre of rauropus ainongst the Myriapdils can lianiiy In; 
considered as constituting an exception to this nile. 

4 * I hope to shew this in a paper I am preparing on the anatomy of l\‘ri[iniuK. 

Stecker’s description of an invagination in the Chiiognathu cannot !«■ :n'('cpUM[ 
without further confirmation ; wv/c p. 38S, 



SUMMARY. 


543 


evidence is in favour of such an invagination being the usual, 
and, without doubt, the primitive, mode of origin. 

The mesoblast in the Tracheata is formed in connection with 
a median thickening of the ventral plate. The unpaired plate 
of mesoblast so formed becomes divided into two bands, one on 
each side of the middle line. 

In both Spiders and Myriopods, and probably Insects, the 
two plates of mesoblast are subsequently divided into somites, 
the lumen of which is continued into the limbs. 

In Crustacea the mesoblast usually originates from the walls 
of the invagination, which gives rise to the mesenteron. 

It does not become divided into two distinct bands, but 
forms a layer of scattered cells between the epiblast and hypo- 
blast, and does not usually break up into somites; and though 
somites are stated in some cases to be found they do not 
resemble those in the Tracheata. 

The proctodmum is usually formed in Crustacea before and 
rarely later^ than the stomodmuni. The reverse is true for the 
Tracheata. In Crustacea the proctodmum and stomoclmum, 
especially the former, are very long, and usually give rise to the 
greater part of the alimentary tract, while the mesenteron is 
usually short. 

In the Tracheata the mesenteron is always considerable, and 
the proctodmum is always short. The derivation of the Mal- 
pighian bodies from the proctodaeum is common to most 
Tracheata. Such diverticula of the proctodaeum are not found 
in Crustacea. 


1 This is stated to be the case in Moina (Grobben). 


CHAPTER XX. 


ECHINODERMATA*. 

The development of the Echiiiodermata naturally falls into 
two sections: — 

(i) The development of the germinal layers and of the 
systems of organs; (2) the development of the larval appendages 
and the metamorphosis. 

The Development of the Germinal Layers and of the Isystenis 
of Organs, 

The development of the sy.stems of organs presents no very 
important variations within the limits of the group. 

Holothuroidea. The Holothuri<;ins have been most fully 
studied (Selenka, No. 663 ), and may be conveniently taken as 
type. 

The segmentation is nearly regular, though toward.s its close, 
and in some instances still earlier, a difference bccorac.s apparent 
between the upper and the lower poles. 

At the close of segmentation (fig. 247 A) the egg has a. 
nearly spherical form, and is constituted of a single layer of 
columnar cells enclosing a small segmentation cavity. The 
lower pole is slightly thickened, and the egg rotates by means of 
fine cilia. 

An invagination now makes its appearance at the lower 
pole (fig. 247 B), and simultaneously there become budded off 
from the cells undergoing the invagination amaiboid cells, which 

1 The following classification of the Echinodermata is employed in this cliapl er. 

I. Holothuroidea. iv. EcMnoidea. 

II. Asteroidea. V. Crinoidea. 

III. Ophiuroidea. 
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eventually form the muscular system and the connective tissue, 
These cells very probably have a bilaterally symmetrical origin. 
This stage represents the gastrula stage which is common to all 
Echinoderms. The invaginated sack is the archenteron. As it 
grows larger one side of the embryo becomes flattened, and the 
other more convex. On the flattened side a fre.sh invagination 



Fig. 247. Two .stage.s in the development of IIolothukia tubulosa 
VIEWED IN optical SECTION. (After Selenka.) 

A. Bla.stosphere stage at the clo.se of .segmentation. B. Gastrula stage. 
mr. micropyle; //. chorion; s.c. segmentation cavity; /'/. blastoderm; ep. epibla.st; 
hy, hypoblast; ania:l)oid cells derived from hypoblast; a.e. archenteron. 

arises, the opening of which forms the permanent mouth, the 
opening of the first invagination remaining as the permanent 
anus (fig. 248 A). 

These changes give us the means of attaching definite names 
to the various parts of the embryo. It deserves to be noted in 
the first place that the embryo has assumed a distinctly bilateral 
form. There is present a more or less concave surface ex- 
tending from the mouth to near the anus, which will be spoken 
of as the ventral surface. The anus is situated at the posterior 
extremity. The convex surface opposite the ventral surface 
forms the dorsal surface, which terminates anteriorly in a 
rounded prm-oral prominence. 

It will be noticed in fig, 248 A that in addition to the 
jjrimitivc anal invagination there is present a vesicle (7'/.). 
This vesicle is directly formed by a constriction of the primitive 
B. IL 35 
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archenteron (fig. 249 Vpv), and is called by Sclcnka ihr. vasf)- 
peritoneal vesicle. It gives origin to the epithelioid lining of 
the body cavity and water-vascular system of tlu; adult'. In tlu; 
parts now developed we have the rudiments of all the adult organs. 

The mouth and anal involutions (after the separation of (he 
vaso-peritoncal vesicle) meet and unite, a constriction indicating 
their point of junction (fig. 248 B). ICvcntually the former gives 



Fio. 248, ThrRE stages in the UEVEI,t 1 l‘MENT OK tlOI.OTUnRIA 'I'Um'I.OS.A 
VIEWED KROM THE SIDE IN OKTICAI, .SICCTION. (AfUn- HclfllL;!.) 

/«. mnwth; of. tasophagus ; si. stomach; /, inlcisline; a. amue, /.f. longiUufinal 
ciliated band; v.f. vaso-pcritoneal vesicle; peritoneal vesicle; right peri- 
toneal vesicle; pL left peritoneal vesicle; w.v. water- vascular vesicle; /. tlor.'-.nl pon? 
of water- vascular sy.stem ; ms. muscle cells, 

rise to the mouth and oesophagus, and the latter to llio re- 
mainder of the alimentary canals 

The vaso-pcritoncal vesicle undergoes a series of rtunarkahk: 
changes. After its separation from the archenteron it takes 
up a position on the left side of this, elongates in an antero- 
posterior direction, and from about its middle sends a narniw 
diverticulum towards the dorsal surface of the body, where an 

1 The origin of the vaso-peritoneal ve.sicle is not quite the same, in all the species. 
In Holotliuria tubulosa it is separated from the cKcal end of the urcbenif-ron ; tin- 
remainder of which then grows towards the oral invagination. In (bicuniaria the 
archenteron forks (fig. 249); and one fork forms the vaso-]R;ritoueal vesicle, and the 
other the major part of the mesenteron. 

“ There appears to be some uncertainty a.s to how much of the larval (oscqihagus is 
derived from the stomodaeal invagination. 
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opening to the exterior becomes formed (fig. 248 B, /.). The 
diverticulum becomes the madreporic canal, and the opening 
the dorsal pore. 

The vaso-peritoneal vesicle next divides into two, an an- 
terior vesicle (fig. 24S B, w.v), from which is derived the 
epithelium of the water-vascular system, and a posterior (fig. 
248 B, p.v.), which gives rise to the epithelioid lining of the body 
cavity. The anterior vesicle (fig. 248 C, w.'r'.) becomes five- 
lobed, takes a horseshoe-shaped form, and grows round the 
oesophagus (fig. 256, w.v.r). The five lobes form the rudiments 
of the water- vascular prolongations into the tentacles. The 
remaining parts of the water-vascular system are also developed 
as outgrowths of the original vesicle. Five of these, alternating 
with the original diverticula, form the five ambulacx'al canals, 
from which diverticula are produced into the ambulacral feet ; a 
sixth gives rise to the Polian vesicle. The remaining parts of 
the original vesicle form the water-vascular ring. 

We must suppose that eventually the madreporic canal loses 
its connection with the exterior so as to hang loosely in the 
interior, though the steps of this process do not appear to 
have been made out. 

The original hinder peri- 
toneal vesicle grows rapidly, 
and divide.s into two (fig. 248 C, 
pi. and which encircle the 
two sides of the alimentary 
canal, and meet above and 
below it. The outer wall of 
each of them attaches itself to 
the skin, and the inner one to 
the alimentary canal and water- 
vascular .system ; in both cases 
the walls remain separated 
from the adjacent parts, by a 

layer of the amoeboid cells Longitudinal .section 

already spoken of The cavity through an embryo of Cucu.maria 

\ , DOLIOLUM AT THE END OF THE FOURTH 

of the peritoneal vesicles be- day. 



comes the permanent body 
cavity. Where the walls of 


Vpv. vaso-peritoneal ve.siclc; ME, 
mesenteron ; Blp,,, Ptd, blastopore, proc- 
todfeura. 
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the two vesicles meet on the dorsal side, a mesentery, suspend- 
ing the alimentary canal and dividing the body cavity longitu- 
dinally, is often formed. In other parts the partition walls 
between the two sacks appear to be absorbed. 

The amGebt)id cells, which were derived from the iiivaginaU;d 
cells, arrange themselves as a layer round all the organs (fig. 
249). Some of them remain amoeboid, attach themselves to llie 
skin, and form part of the cutis; and in these cells the cal- 
careous spicula of the larva and adult are formed. Others 
form the musculature of the larval alimentary tract, while the 
remainder give rise to the musculature and connective tissue of 
the adult. 

The development of the vascular system is not known, but the discovery 
of Kowalevsky, confirmed by Selenka, that from the walls of the water- 
vascular system corpuscles are developed, identical with those in the Idood- 
vessels, indicates that it probably develops in connection witli the water- 
vascular system. The observations of Hoffmann and Perrier on the commu- 
nication of the two systems in the Echinoidea point to the same conclusion. 
Though nothing very definite is known with reference to the development of 
the nervous system, Metschnikoff suggests that it develops in connection 
with the thickened bands of epiblast which are formed l)y a metamorphosis 
of the ciliated bands of the embryo, and accompany the five radial tubes 
{vide p. 555). In any case its condition in the adult leaves no doubt of its 
being a derivative of the epiblast. 

From the above de.scription the following general conclu.sionH 
may be drawn : — 

(1) The blastosphere stage is followed by a gastrula stage. 

(2) The gastrula opening forms the permanent anus, and the 
mouth is formed by a fresh invagination. 

(3) The mcsoblast arises entirely from the inyaginated cells, 
but in two ways : — 

{a) As scattered aiiKXjboid cells, which give origin to the 
muscles and connective tissue (including the cutis) of the body 
wall and alimentary tract. 

{b) As a portion separated off from the arc]icnten)n, 
which gives rise both to the epithelioid lining of the body cavity, 
and of the water-vascular system, 

(4) The oesophagus is derived from an invagination (;f the 
epiblast, and the remainder of the alimentary canal from the 
archenteron. 
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(5) The embryonic systems of organs pass directly into those 
of the adult 

The development of Synapta diverges, as might be expected, to a very 
small extent from that of Flolothuria. 

Asteroidea. in Asterias the early stages of development conform to 
our type. There arise, however, two bilaterally symmetrical vaso-peritoneal 
diverticula from the archenteron. These diverticula give rise both to the 
lining of the body cavity and water-vascular system. With reference to 
the exact changes they undergo there is, however, some difference of opinion, 
Agassiz (643) maintains that both vesicles are concerned in the formation of 
the water-vascular system, while Metschnikoff (560) holds that the water- 
vascular system is entirely derived from the anterior part of the larger left 
vesicle, while the right and remainder of the left vesicle form the body 
cavity. Metschnikoflf’s statements appear to be the most probable. The 
anterior part of the left vesicle, after separating fx'om the posterior, grows 
into a fivc-lobed rosette (fig. 260 , /), and a madreporic canal {h) with a dorsal 
pore opening to the exterior. The rosette appears not to grow round the 
oesophagus, as in the cases hitherto described. But the latter is stated to 
disappear, and a new oesophagus to be formed, which pierces the rosette, 
and places the old mouth in communication with the stomach. Except 
where the anus is absent in the adult, the larval anus probably persists. 

Ophiuroidea, The early development of the Ophiuroidea is not so 
fully known as that of other types. Most species have a free-swimming 
larva, but some (Amphiura) are viviparous. 

The early stages of the free-swimming larvm have not been described, 
but I have myself observed in the case of Ophiothrix fragilis that the 
segmentation is uniform, and is followed by the normal invagination. The 
opening of this no doubt remains as the larval anus, and there are probably 
two outgrowths from this to form the vaso-peritoneal vesicles. Each of these 
divides into two parts, an anterior lying close to the oesophagus, and a 
posterior close to the stomach. The anterior on the right side aborts ; that 
on the left side becomes the water-vascular vesicle, early opens to the 
exterior, and eventually grows round the cesophagus, which, as in Holothu- 
rians, becomes the cesophagus of the adult. The posterior vesicles give rise 
to the lining of the body cavity, but are stated by Metschnikoff to be at first 
solid, and only subsequently to aceptire a cavity — the permanent body cavity. 
The anus naturally disappears, since it is absent in the adult. In the 
viviparous type the first stages are imperfectly known, but it appears that 
the blastopore vanishes before the appearance of the mouth. The develop- 
ment of the vaso-peritoneal bodies takes place as in the free-swimming 
larvax 

EcMnoidea. in the Echinoidea (Agassiz, No. 542, Selenka, No. 564) 
there is a regular segmentation and the normal invagination (fig. 250 A). 
The amceboid mesoblast cells arise as two laterally placed masses, and give 
rise to the usual parts. The archenteron grows forward and bends towards 




the ventral side (hg. 350 B). It becomes (fig. 350 C) divided into tliree 
chambers, of which the two hindermost {d and c) form the sl.mnach aiul 
intestine; while the anterior forms the oesophagtis, and gives rise to the 


Fig. 350. Thrkk sijjjc views of karey .staoiw in the onvEEorMKNT of 
STRONGYI.0CHNTRO.S. (l^rom Agassiz.) 

a. anus (blastopore); d. stomach; y. oisophagus; c. rectum; tv. vasu-pevitoneal 
vesicle; v, ciliated ridge; r. calcareous rod. 


vaso-peritoneal vesicles. These latter appear as a pair of outgrowths 
(fig. 251), but become constricted off as a single itm-horned tmkle^ which 
subsequently divides into two. The left of these 
is eventually divided, as in Asteroids, into a 
peritoneal and water-vascular sack, while the 
right forms the right peritoneal sack. An oral 
invagination on the flattened ventral side meets 
the inesenteron after its separation from the 
vaso-peritoneal vesicle, llie larval anus per- 
sists, as also does the larval mouth, but owing 
to the manner in which the watcr-vascular 
rosette is established the larval oesophagus ap- 
pears to be absorbed, and to be replaced by a 
fresh oesophagus. 

Crinoidea. Antedon, the only Crinoid 
so far studied (Gotte, No. 549), presents some 
not inconsiderable variations from the usual 
Echinoderm type. The blastopore is placed on 
the somewhat flattened side of the oval blasto- 
sphere, and not, as is usual, at the hinder end. 

The blastopore completely closes, and is not converted into the perma- 
nent anus. The archenteron gives rise to the epithelioid lining of both Ijudy 
cavity and water-vascular system. These parts do not, however, aiipear ns 
a single or paired outgrowth from the archenteron, but ns thrc;e distinct 
outgrowths which are not formed contemporaneously. Two of them arc first 


Fro. 251. r><)RS()"VF,N- 

TRAI, VIFAV OF AN I'.ARl.Y 
LARVA OF S'rUONOVI.nCEN- 
TRLfs, (From Agassiz.) 

a. anus; d, slumacii ; 0. 
ccsopluigtis ; IV. vaso-pcrilo- 
neal vesicle ; r, calcareous 
rod. 


GRINOIDEA. 


ECHINODERMATA. 


551 


formed, and become the future body cavity ; but their lumens remain distinct. 
Originally appearing as lateral outgrowths, the right one assumes a dorsal 
position and sends a prolongation into the stalk (fig. 253 rp'), and 
the left one assumes first a ventral, and then an oral position (fig. 
253 ip). 

The third outgrowth of the archenteron gives rise to the water-vascular 
vesicle. It first grows round the region of the future oesophagus and so 
forms the water- vascular ring. 

The wall of the ring then 
grows towai'ds the body wall 
so as to divide the oral (left) 
peritoneal vesicle into two 
distinct vesicles, an anterior 
and a posterior, shewn in fig. 

253 } ip' and Ip, Before this 
division is completed, the 
water-vascular ring is pro- 
duced in front into five pro- 
cesses — the future tentacles 
(fig. 253, uni ) — which project 
into the cavity of the oral 
vesicle {Ip). After the oral 
peritoneal space has become 
completely divided into two parts, the anterior dilates (fig. 253, Ip) greatly, 
and forms a large vestibule at the anterior end of the body. This vestibule 
{Ip') ne.xt acquires a communication with the mesenteron, shewn in fig, 253 
at m. The anterior wall of this vestibule is finally broken through. By this 
rupture the mesenteron is placed in communication with the exterior by the 
opening at while at the same time the tentacles of the water-vascular ring 
(/) project freely to the exterior. Such is Gdtte’s account of the pne-oral 
body space, but, as he himself points out, it involves our believing that the 
lining of the diverticulum derived from the primitive alimentary vesicle 
becomes part of the external skin. This occurrence is so remarkable, that 
more evidence appears to me requisite before accepting it. 

The formation of the anus occurs late. Its position appears to be the 
same as that of the blastopore, and is indicated by a papilla of the mesente- 
ron attaching itself to the skin on the ventral side (fig. 253, aii). It event- 
ually becomes placed in an interradial space within the oral disc of the adult. 
The water-vascular ring has no direct communication with the exterior, but 
the place of the madreporic canal of other types appears to be taken in 
the larva by a single tube leading from the exterior into the body cavity, the 
external opening of which is placed on one of the oral plates {^}ide p. 571) in 
the next interradial space to the right of the anus, and a corresponding 
diverticulum of the watex'-vascular ring opening into the body cavity. The 
line of junction between the left and right peritoneal vesicles forms in the 
larva a ring-like mesentery dividing the oral from the aboral part of the body 



Fig. 252. Longitudinal section through 
AN Antedon larva, (From Carpenter; after 
Gbtte.) 

al. mesenteron; wv. watcr-vascwlar ring; 
Ip. left (oral) peritoneal vesicle; rp. right peri- 
toneal vesicle ; rp'. continuation of right vesicle 
into the stalk ; st. stalk. 


552 


CRINOTPEA. 


cavity. In the adult^ the oral section of the larval body cavity bi'comc.s the 
ventral part of the circumvisceral division of the body cavity, and tin; 
subtcntacular canals of the arms and disc; while the aboral section !)i‘coiuoh 
the dorsal part of the circumvisceral division of the body cavity, the codiae 
canals of the arms, and the cavity of the ccntro-dorstil piece. 'Phe primitive 



253. LON{JrnJDINAI, section TirROtiaH this CAI.VX Ol'' an At>VANi:Kl) 
Pentrackinou) Anteuon larva with closed vKSTti:mi.i‘:. 

(From Carpenter; after Giitle.) 

rtf. epithelium of oi’al vestibule; w. mouth; «/. meseni«;roii ; ir«. ntdiuuMil of 
permanent anus; posterior part of left (oral) perittmeal sack; //. anterior pait of 
left (oral) peritoneal .sack; m'. wator'va.sciilar ring; A tentacle; mA nieiienlery; 
rp. right peritoneal sack; continuation of right peritoneal sack into the stalk; 
r. roof of tentacular vestibule. 


distinction between the sections of the larval body cavity bct'oincs to a large 
extent obliterated, while the axial and intervisceral sections of the body 
cavity of the adult are late developments, 

The more important points in the development indicated in 
the preceding pages are as follows : 

(i) The biastosphere is usually elongated in the direction 
of the axis of invagination, but in Comatula it i.s elongated 
transversely to this axis. 


yj'Yde P. H. Carpenter, “On the genus Actinomelra.” J.hweim 'J'rans., -jnd 
Series, Zoology, Vol. IL, Part 1., 1879. 
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(2) The blastopore usually becomes the permanent anus 
but it closes at the end of larval life (there being no anus in the 
adult) in Ophiuroids and some Asteroids, while in Comatula it 
closes very early, and a fresh anus is formed at the point where 
the blastopore was placed. 

(3) The larval mouth always becomes the mouth of the 
adult. 

(4) The archenteron always gives rise to outgrowths which 
form the peritoneal membrane and water-vascular systems. In 
Comatula there are three such outgrowths, two paired, which 
form the peritoneal vesicles, and one unpaired, which forms the 
water-vascular vesicle. In Asteroids and Ophiuroids there are 
two outgrowths. In Ophiuroids both of these are divided into a 
peritoneal and a water-vascular vesicle, but the right water- 
vascular vesicle atrophies. In Asteroids only one water-vascular 
vesicle is formed, which is derived from the left peritoneal vesicle- 
In Echinoids and Holothuroids there is a single vaso-peritoneal 
vesicle. 

(5) The water- vascular vesicle grows round the larval 
oesophagus in Flolothuroids, Ophiuroids, and Comatula ; in 
these cases the larval oesophagus is carried on into the adult. 
In other forms the water-vascular vesicle forms a ring which 
does not enclose the oesophagus (Asteroids and Echinoids) ; 
in such cases a new cesophagiis is formed, which perforates this 
ring. 

Development of the larval appendages and metamorphosis, 

Holothiiroidea. The young larva of Synapta, to which J. 
Muller gave the name Auricularia (fig. 255), is in many respects 
the simplest form of Echinoderm larva. With a few exceptions 
the Auricularia type of larva is common to the Flolothuria. 

It is (fig. 254 A and fig. 255) bilaterally symmetrical, pre- 
senting a flattened ventral surface, and a convex dorsal one. 
The anus [an) is situated nearly at the hinder pole, and the 
mouth [m) about the middle of the ventral surface. In front 
of the mouth is a considerable process, the prae-oral lobe. 
Between the mouth and anus is a space, more or less concave 
according to the age of the embryo, interrupted by a ciliated 
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ridge a little in front of the anus. A similar ciliattxl ridge: 
present on the ventral surface A b 

of the prai-oral lobe immedi- 
ately in front of the mouth. . 

The anal and oral ridges are 
connected by two lateral cili- 
ated bands, the whole forming 
a continuous band, which, 
since the mouth lies in the 
centre of it (fig. 255), may be 
regarded as a ring completely 
surrounding the body behind 
the mouth, or more natm'ally 
as a longitudinal ring. 

The bilateral Auricularia 
is developed from a slightly 
elongated gastrula with an iiniforni covering of cilia, 'liie 
gastrula becomes flattened on the oral .side. At the sann.' time 
the cilia become specially developed on the oral and anal riilifus, 
and then on the remainder of the ciliated ring, whih* tla*}' are 



Kll.i. 254 . A. TiIH r.AUVA OF A Itoco- 
THUROfl). B. TUF, I.AKVA OF AN AS'I KK- 
Oil). 

///. mouth; st. slouiurh ; a. ami;.; /,<■• 
primilivo lonf>ilii(liiial h.aui; /c.r’. 

prsv-onil riiiuled hantl. 



Pin. 255. Diagrammatic iuourks rei'rksknting thk kvoi.i tion of an 
Auricularia rrom the simplest EeiiiNOUERM larval eoum. (Copu'il tem 
Miiller.) 

Tho black line represents the ciliated ridge. The shaded pait if. the oiul side of 
the ring, the clear part the aboral side. 

w. mouth; anus. 

simultaneously obliterated elsewhere ; and so a complete Aiirtcii- 
laria is developed. The water-vascular ring in the fully-deveh )ped 
larva has already considerably advanced in the growth round ilie 
cesophagus (fig. 256 w.v.r). 

Most liolothurian larvte, in their transformation from the 
bilateral Auricularia form to the radial form of the adull, pas.s 
through a stage in which the cilia form a number of transverse 
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ring's, usually five in number, surrounding the body. The 
stages in this metamorphosis are shewn in figs. 256, 257, and 
258. 

The primitive ciliated band; 
at a certain stage of the meta- 
morphosis, breaks up into a 
number of separate portions 
(fig. 256), the whole of which are 
placed on the ventral surface. 

Four of these (fig. 257 A and B) 
arrange themselves in the form 
of an angular ring round the 
mouth, which at this period pro- 
jects considerably. The remain- 
ing portions of the primitive 
band change their direction from 
a longitudinal one to a trans- 
verse (fig. 257 B), and eventually 
grow into complete rings (fig. 

257 C). Of these there are five. 

The middle one (257 B) is the 
first to develop, and is formed 
from the dorsal parts of the 
primitive ring. The two hinder 
rings develop next, and last of 
all the two anterior ones, one of 
which appears to be in front of the mouth (fig. 257 C). 

The later development of the mouth, and of the ciliated ridge 
surrounding it, is involved in some obscurity. It appears from 
Metschnikoff (No. 560 ) that an invagination of the cje.sophagus 
takes place, carrying with it the ciliated ridge around the mouth. 
This ridge becomes eventually converted into the covering for 
the five tentacular outgrowths of the water- vascular ring (fig, 
258), and possibly also forms the nervous system. 

The opening of the oesophageal invagination is at first behind 
the foremost ciliated ring, but eventually comes to lie in front of 
it, and assumes a nearly terminal though slightly ventral position 
(fig. 258). No account has been given of the process by which 
this takes place, but the mouth is stated by Metschnikoff (though 


Fig. 256. 
Synapta. ' 


FULI.-GROWN LARVA OK 
(After Metschnikoff.) 
m. mouth ; st. stomach ; a. anus ; 
p.v. left division of perivisceral cavity, 
which is still connected witli the water- 
vascular system ; w.v.r. vvator-vascular 
ring which has not yet completely en- 
circled the ce.sophagu.s ; /.<*. longitudin.al 
) >art of ciliated band ; pr.c. pnu-oral part 
of ciliated liand. 
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Miillcr differs from him on this point) to remain oix'ii ilironj.-;h- 
out. The further changes in the metamorphosis atf' m»t eon- 
siclcrable. The ciliated bands disappear, and a ealrareous ring 
of ten pieces, five ambulacral and five interamhiilucra!, is formed 
round the (.esophagus, A provisional calcareous skeleton is als(» 
developed. 

All the embryonic systems of organs pass in this case 
directly into those of the adult 

The metamorphosis of most Holothuroidea is similar to that just 
described. In Cucumaria (Selenka) there is however no Auricularia stage, 
and the uniformly ciliated stage is succeeded by one with five transverse 



Fig, 157 . Three .sTAOiis in the oeveuipment of .Synapta. A and B 
are viewed from the ventral surface, and C from the side. (After 'Metsrhnilvoli',) 
w. mouth; oc, msophagius; walls of the perivisceral cavity; ot'. limtCiiuilinid 
vessel of the water-vascular .system; p, dorsal pore of water-vascular syslem; 
cr. ciliated ring formed round the mouth from parts <»f the primitive ciliated 
hand, 

bands of cilia, and a pno-oral and an anal ciliated cap. 'I'ln; moiulr is at 
first situated ventrally behind the prm-oral cap of cilia, but the pni-oral 
cap becomes gradually absorbed, and the mouth assumes a terminal 
position. 

In Psolinus (Kowalevsky) there is no embryonic ciliated .st;i«<e, ;uul the 
adult condition is attained without even a metamorphosis, 'riu-ro upjtear to 
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be five plates surrounding the 
mouth, which are developed before 
any other part of the skeleton, and 
are regarded by P. H. Carpenter 
(No. 548) as equivalent to the five 
oral plates of the Crinoidea. The 
larval condition with ciliated bands 
is often spoken of as the pupa stage, 
and during it the larvae of Holo- 
thurians proper use their embryonic 
tube feet to creep about. 

Aster ©idea. The com- 
monest and most thoroughly 
investigated form of Asteroid 
larva is a free .swimming form 
known as Bipinnaria. 

This form in passing from 
the spherical to the bilateral 

condition passes through at vklopment ok Synapta. (After Metsclmi- 

first almost identical changes 

A • 1 • 1 The figure shew.s the vestibular cavity 

to the Auliculaiian laiva. with retracted tentacles ; the ciliated bands ; 
The cilia become at an early water-v.ycuiar system, etc. 

. 1 , p' dorsal pore of water- vascular .system ; 

period conhned to an oral pv. walls of perivisceral cavity; ms. amce- 
and anal ridge. bold ceils. 

The anal ridge gradually extends dorsalwards, and finally 
forms a complete longitudinal post-oral ring (fig. 259 A) ; the 
oral ridge also extends dorsalwards, and forms a closed prae-oral 
ring (fig. 259 A), the space within which is left unshaded in my 
figure. 

The presence of two rings instead of one distinguishes the 
Bipinnaria from the Auricularia. The two larvae are shewn side 
by side in fig. 254, and it is obvious that the two bands of the 
Bipinnaria arc (as pointed out by Gegenbaur) equivalent to the 
single band of the Auricularia divided into two. Ontologically, 
however, the two bands of Bipinnaria do not appear to arise 
from the division of a single band. 

As the Bipinnaria grows older, a series of arms grows out 
along lines of the two ciliated bands (fig. 259 C), and, in many 
cases, three special arms are formed, not connected with the 
ciliated bands, and covered with warts. These latter arms are 
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known as brachiolar arms, and the larviii provided with them 
as Brachiolaria (fig, 259 D), 

As a rule the following arms can be distingiiislicd (fig. 359 (1 and 1)), on 
the hinder ring (Agassiz’ nomenclature) a median anal pair, a <lor,sa,l anal 
pair, and a ventral anal pair, a dorsal oral pair, and an unpairt'd anterior 
doi'sal arm ; on the pra>oral ring a ventral oral pair, and .sometiine.s (iMijller) 
an unpaired anterior ventral arm. 

The three brachiolar arms arise as processes from the base of the 
unpaired dorsal arm, and the two ventral oral arms. The extent of the 
development of the arms varies with the species. 



Fig. 2^9. Diagrammatic ukpukhkntation ok vakious kukms <>i,' Ahticuoio 
TARVAC. A, B, C, Bipinnaria; D, BuACinoi.AKiA. ((.'ditioii from MiilUtr.) 

The black lines repre.sent the ciliated bands; and the shading llu; space between 
the prie-oral and the post«oral bands. 

in. mouth; txn. anus. 

The changes by which the Bipinnaria or Brachiolaria iiccoine.s 
converted into the adult starfish arc very much aiorc comjdicated 
than those which take place in Holothurians. fi'or an accurate, 
knowledge of them we are largely indebted to Alex. Agassiz 
(No. .543). The development of the starfish lakes place entindy 
at the posterior end of the larva close to the stomach. 

On the right and dorsal side of the stomach, and externally 
to the right peritoneal space, are formed five radially situated 
calcareous rods arranged in the form of a somewhat irregular 
pentagon. The surface on which they arc deposited has a 
spiral form, and constitutes together with its calcareous rods, the 
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abaetinal or dorsal surface of the future starfish. Close to its 
dorsal, embryonic dorsal, edge lies the dorsal pore of the 
water-vascular system (madreporic canal), and close to its ventral 
edge the anus. On the left and ventral side of the stomach is 
placed the water-vascular rosette, the development of which was 
described on p. 549 It is situated on the actinal or ventral surface 
of the future starfish, and is related to the left peritoneal vesicle. 

Metschnikoff (No. 560) and Agassiz (No. 543) differ slightly as to the 
constitution of the water-vascular rosette. The former describes and ficrures 
it as a completely closed rosette, the latter states that ‘ it does not form a 
completely closed curve but is always open, forming a sort of twisted 
erescent-shaped arc.’ 

The water-vascular rosette is provided with five lobes, corre- 
sponding to which are folds in the larval skin, and each lobe 
corresponds to one of the calcareous plates developed on the 
abaetinal disc. The plane of the actinal surface at first mcet.s 
that of the abaetinal at an acute or nearly right angle. The two 
surfaces are separated by the whole width of the .stomach The 
general appearance of the larva from the ventral surface after 
the development of the water-vascular rosette {i) and abaetinal 
disc {A) is shewn in fig. 260. 

As development proceeds the abaetinal surface becomes a 
firm and definite disc, owing to the growth of the orio-inal 
calcareous spicules into more or less definite plates, and to the 
development of five fresh plates nearer the centre of the disc and 
interradial in position. Still later a central calcareous ^ plate 
appears on the abaetinal surface, which is thus formed of a 
central plate, surrounded by a ring of five interradial plates and 
then again by a ring of five radial plates. The abactinaV disc 
now also grows out into five short processes, separated by five 
shallow notclies. These processes are the rudiments of the five 
arms, and each of them corresponds to one of the lobes of the 
water-vascular rosette. A calcareous deposit is formed round 
the opening of the water-vascular canal, which becomes the 
madreporic tubercle'. At about this stage the absorption of the 
larval appendages takes place. The whole anterior part of the 

1 The exact position of the madreporic tubercle in relation to the al).actinal plates 
does not seem to have been made out. It might have been anticipated that it would 
be placed in one of the primary interradial plates, but thi.s does not .seem* to be th- 
case. d'he po.sition of the anus is also obscure. 
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larva with the great praj-oral lobe has ]iithcrt('> remained 
unchanged, but now it contracts and undergoes ahsor])! io,,^ 
becomes completely withdrawn into the disc of the fulurc; starfish. 
The larval mouth is transported into 
the centre of the actinal disc. In the 
larvm observed by Agassiz and Met- 
schnikoff nothing was cast off, but the 
whole absorbed. 

According to Muller and Keren and 
Danielssen this is not the case in the larva 
observed by them, but part of the larva is 
thrown off, and lives for some time indepen.- 
dently. 

After the absorption of the larval 
appendages the actinal and abactinal 
surfaces of the young starfish api)r()ach 
each other, owing to the flattening of 
the .stomach; at the same time they 
lose their spiral form, and bc;come fiat 
discs, which fit each other, hiach of 
the lobes of the rosette of the water- 
vascular system becomes one of the 
radial water-vascular canals. It first 
becomes five-lobcd, each lobe forming 
a rudimentary tube foot, and on each 
side of the middle lobe two fre.sh ones 
next spring out, and so on in succc.ssion. 'Fhe terminal median 
lobe forms the tentacle at the end of the arm, and the e>’e is 
developed at its base. The growth of the water-vastuilar canals 
keeps pace with that of the arms, and the tube Ixu-.ome 
supported at their base by an ingrowth of calcarcjou.s tnatter. 
The whole of the calcareous skeleton of the larva passe.s direct 1\' 
into that of the adult, and spines arc very soon fornifd on the 
plates of the abactinal surface. The original ratlial plates, 
together with the spines which they have, are giaulualiy pu.shed 
outwards with the growth of the arms by the continual addititm 
of fresh rows of spines between the terminal plate and the plate' 
next to it. It thus comes about that the original radial plates 
persist at the end of the arms, in connectitm with the unpaired 



A ni.iuth; atuis ; h, mu.. 
(bvpunc ranul ; /. unihulaorul 
rtisettc; c. .sluuuu'h ; d ,• 
flu. anus of liipiimuriu T’ . /’ 
rtbiu'tuuil atsc t,r ,, 
void. 
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tentacles which form the apex of the radial water-vascular 
tubes. 

It has already been mentioned that according to Metsclinikofl' (No. 500) 
a new oesophagus is formed which perforates the water-vascular ring, and 
connects the original stomach with the original mouth. Agassiz (No. 543) 
maintains that the water-vascular ring grows round the primitive oesophagus. 
He says — “ During the shrinking of the larva the long (esophagus becomes 
“ shortened and contracted, bringing the opening of the mouth of the larva 
“ to the level of the opening of the oesophagus, which eventually becomes 
“the true mouth of the starfish.” The primitive anus is believed by 
Metschnikoff to disappear, but by Agassiz to remain. This discrepancy 
very possibly depends upon these investigators having worked at different 
species. 

There is no doubt that the whole of the larval organs, with 
the possible exception of the oesophagus, and anus (where absent 
in the adult), pass directly into the corre.sponding organs of the 
starfish — and that the prae-oral part of the body and arms of the 
larva are absorbed and not cast off. 

In addition to the Bipinnarian type of Asteroid larva a series of other 
forms has been described by Muller (No. SGI), Sars, Koren, and Danielssen 
(No. 554) and other investigators, which are however very imperfectly 
known. The best-known form is one first of all discovered by Sars in 
Echinaster Sarsii, and the more or less similar larvie subsequently investi- 
gated by Agassiz, Busch, Miiller, Wyville Thomson, etc. of another species 
of Echinaster and of Asteracanthion. These larvae on leaving the egg have 
an oval form, and are uniformly covered by cilia. Four processes (or in 
Agassiz’ type one process) grow out from the body ; by these the larvie fix 
themselves. In the case of Echinaster the larvae are fi.N:ed in the ventral 
concavity of the disc of the mother, between the five arms, where a tempo- 
rary brood-pouch is established. The main part of the body is converted 
directly into the disc of the young starfish, while the four processes come to 
spring from the ventral surfirce, and are attached to the water vascular ring. 
Eventually they atrophy completely. Of the internal structure but little is 
known ; till the permanent mouth is formed, after the development of the 
young starfish is pretty well advanced, the stomach has no communication 
with the exterior. 

A second abnormal type of development is presented by the embryo of 
Pteraster miliaris, as described by Koren and Danielssen^. The larvm to 
the number of eight to twenty develop in a peculiar pouch on the dorsal 
surface of the body. The early stages are not known, but in the later ones 
the whole body assumes a pentagonal appearance with a mouth at one edge 


'J'hc following .statements are taken from the ahstract in Bronii’.s Thicrrdchs. 
B. If. 36 
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of the disc. At a later stage the anus is formed on the dorsal side of an a,nn 
opposite the mouth. The stomach is surroimded l)y a water vasmila)- ring, 
from which the madreporic canal passes to the d<n-,sal surface, luit doe.s not 
open. At a later stage the embryonic mouth and anus vanish, to be replaced 
by a permanent mouth and anus in the normal po.sitiou.s. 

A third, and in some respects very curious, form is a worm like larva of 
Muller, which is without bands of cilia. I’he dorsal .sutface uf the youngest 
larva is divided by transverse con.strlctions into live segunnits. On tlie 
under side of the first of these is a five-lohed disc, each lobe being providccl 
with a pair of tube feet. 

At a later period only three segments are visible on the dorstd surface, 
but the ventral surface has assumed a pentagonal aspect. I'he later stages 
are not known. 

Ophiuroidea, The full-gTown hirva of the Ophiiiroids is 
known a.s a Pluteus. It commences with the usual more (m- less 
spherical form; from this it passes to a form closely resembling 



EUJ. 361 . DiAOUAMMATIC lUGURKS SIIKWINO TUK l•■.VO^U■n< t.N or AN 
ROID PlUTRUS from A SIMPU5 liCHINOOKRM I.AUVA. (CnpU'tl fnuu Miillej'.) 'flic 
calcareous .skeleton is not represented. 

m, mouth; an, anus; d. anterior arms; d\ lateral rirnis; posit-rior arms; 
anterolateral arms, 

that of Auricularia with a rounded donsal surface, and a llattenctl 
ventral one. Soon however it becomc.s distinguished by the 
growth of a po.st-anal lobe and the absence of a pra>t)ral lobe 
(fig. 261 B). The po.st-anal lobe forms the somewhat rounded 
apex of the body. In front of the mouth, and between the 
mouth and anu.s, arise the anal and oral ciliated ridges, which 
soon become continued into a single longitudinal ciliated ring. 
At the same time the body becomes prolonged into a seric.s of 
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processes along the ciliated band, which is continued to the 
extremity of each. The primitive ciliated ring never becomes 
broken up into two or more rings. A ciliated crown is usually 
developed at the extremity of the post-anal lobe. The arms are 
arranged in the form of a ring surrounding the mouth, and are 
all directed forwards. 

The first arms to appear are two lateral ones, which usually remain the 
most conspicuous (fig. 261 B and C, d'). Next arises a pair on the sides of 
the mouth, which may be called the mouth or anterior arms (C, d). A pair 
ventral to and behind the lateral arms is then formed, constituting the 
posterior arms (D, /), and finally a pair between the lateral arms and the 
anterior, constituting the anterolateral arms (D, g'). 

The concave area between the arms forms the greater part of 
the ventral surface of the body. Even before the appearance of 
any of the arms, and before the formation of the mouth, two 
calcareous rods are formed, which meet behind at the apex of 
the post-anal lobe, and are continued as a central support into 
each of the arms as they are successively formed. These rods 
are shewn at their full development in fig. 262. The important 
points which distinguish a Pluteus 
larva from the Auricularia or 
Bipinnaria are the following : 

( I ) The presence of the post- 
anal lobe at the hind end of the 
body. (2) The slight develop- 
ment of a prae-oral lobe. (3) The 
provisional calcareous skeleton in 
the larval arms. 

Great variations are presented 
in the development of the arms 
and provisional skeleton. The 
presence of lateral arms is however 
a distinctive characteristic of the 
(3phiuroid Pluteus. The other 
arms may be quite absent, but 
the lateral arms never. 

The formation of the perma- 
nent Ophiuroid takes place in 
much the same way as in the Asteroidea. 



tno. 363. PLUTEU.S LARVA or AN 
Ophiuroid. (From Gegenbaur ; 
after MUller.) 

A. rudiment of young Ophiuroid ; 
if . lateral arms ; d. anterior arms ; 
e\ posterior arms. 
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OPHIUROl D PLUTEIIS. 


There is formed (fig. 262) on the right and dorsal side of sloimu h the 
abactinal disc supported by calcareous plates, at first oidy live in number 
and radial in positionb The disc is at first not symmetrierd, luit beconu's so 
at the time of the resorption of the larval arms. It grows out into llve 
processes -the five future rays. The original five radial plates remain as the 
terminal segments of the adult rays, and new plates are always add('d 
between the ultimate and penultimate plate (Miiller), tluuigh it is proliabir 
that in the later stages fresh plates are added in the disc. 

The ventral surface of the permanent (Jphiuroitl is formed by llu; concave 
surface between the nnouth and anus. Between this and tin: stumaeh is 



FlO. 263. UlAUKAMMATIC VIUUKKS SUliVVINti TllK KVol.U'l'ION oK KcitlNOlI) 
Plutei. (Copied from Muller.) The calcareous skeleton is nut represented. M, 
Pluteus of Spatangius. 

mouth; ««. anus; f/. anterior arms ; d' , point where hilerul anus arise in the 
Ophiuroid Pluteus; e. anleroinlernal aims; /. posterior arms; antcrohitend anus; 
g. anteroexternal arms. 


situated the water-vascular ring. It is at first not dosed, but is hor.soshoe- 
shaped, with five blind appendages (fig. 262). It eventu.'illy grow.s round 
the oesophagus, which, together with the larval mouth, is retained in the 
adult. The five blind appendages become themselves Inbed in the same 
way as in Astcrias, and grow out along the five arms of the disc and become 
the radial canals and tentacles. All these part.s of the water-vascular system 
are of course covered by skin, and probalaly also surroumted by mesoblast 
cells, in which at a later period the calcareous plates wliidi lie veulrnl to the 
radial canal are formed. The larval anus disappears. As long as the larval 
appendages are not absorbed the ventral and dorsal discs of the permanent 
Ophiuroid fit as little as in the case of the Brachiolaria, but at a certain 
period the appendages are absorbed. The calcareous rods of the larval arm.s 


^ Whether interradial plates are developed as in Astcrias is not clear. They seem 
to he found in Ophiopholis bellis, Agassiz, hut have not liecn n'Cuguiscd in oilier 
forms (wVr Carpenter, No. 5 i 8 , p. 369). 
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break up, the arms and anal lobe become absorbed, and the dorsal and 
ventral discs, with the intervening stomach and other organs, are alone left. 
After this the discs fit together, and there is thus formed a complete young 
Ophiuroid. 

The whole of the internal organs of the larva (except the anus), including 
the mouth, oesophagus, the body cavity, etc. are carried on directly into the 
adult. 

The larval skeleton is, as above stated, absorbed. 

The viviparous larva of Amphiura squamata does not differ very greatly 
from the larvae with very imperfect arms. It does not develop a distinct 
ciliated band, and the provisional skeleton is very imperfect. The absence 
of these parts, as well as of the anus, mentioned on p. 549, may probably be 
correlated with the viviparous habits of the larva. With reference to the 
passage of this larva into the adult there is practically nothing to add to 
what has just been stated. When the development of the adult is fairly 
advanced the part of the body with the provisional skeleton forms an 
elongated rod-like process attached to the developing disc. It becomes 
eventually absorbed. 


Echinoidea. The Echinus larva (fig. 263) has a Pliiteus 
form like that of the Ophiiiroids, and in mo.st points, such as the 
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Fig. 264. Two LARva! op Stiiongylocentrus (From Aga.ssiz.) 
m. mouth; <?. anus; 0. oesophagus; d. stomach; c. intestine; ®'. and v. ciliated 
ridges ; w. water- vascular tube; r. calcareous rods. 

presence of the anal lobe, the ciliated band, the provisional 
skeleton, etc., develops in the same manner. The chief difference 
between the two Pluteus forms concerns the development of the 
lateral arms. These, which form the most prominent arms in 
the Ophiuroid Pluteus, are entirely absent in the Echinoid 



echinoid plutkus. 


Pluteus, which accordingly has, as a rule, a much narrower form 
than the Ophiuroicl Pliiteus. 

A pair of ciliated epaulettes on each side of and Ix^hind the 
ciliated ring is very characteristic of some ICttliinoid larwe. 
They are originally developed from tin; ciliated rinp; (li^\ nod A 


Fie. 265. La-terai. and ventral vnew ok a larva ok SrKONovi.ot.'KNTiarK. 

(From Agassiz.) General references as in iig. 

b. dorsal opening of madreporic canal; e'. po.slerior amts; k'". juncrior arms; 
e^''. anterointernal arms. 

and B, v"). The presence of three proce.sscs from llu; anal lobe 
supported by calcareous rods is characteristic of the Spatungoid 
Pluteus (fig. 263 li). 

The first two pairs of arms to develop, employing the same names as in 
Ophiuroids, are the anterior attached to the oral process (itg. .jfrj C, d) and 
the posterior pair {tf). A pair of anterolateral arms next becomes dcvelopttd 
(/). A fourth pair (not represented in Ophiuroids) a})pears on the inner 
side of the anterior pair forming an anterointernal pair (/■), ;md in tint 
Spatangoid Pluteus a fifth pair may be added on the external side of (he 
anterior pair forming an anterocxternal pair (^'■). 

Each of the first-formed paired calcareous rods is composed of 
processes, two of which extend into the anterior and posterior arms ; and the 
third and strongest passes into the anal lobe, and there meets its fellow 
(fig. 265), A transverse bar in front of the arms joins the rods of the two 
sides meeting them at the point where the three processes div(;rs''c. 'i'hc 
process in the anterolateral arm (fig. 266 B) is at first independent of this 
system of rods, but eventually unites with it. Although our knowledge of 
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the Pluteus types in the different groups is not sufficient to generalise with 
great confidence, a few points seem to have been fairly determined^. The 
Plutei of Strongylocentrus (figs. 266 and 267) and Echinus have eight arms 
and four ciliated epaulettes. The only Cidaris-like form, the Pluteus of 
which is known, is Arbacia : it presents certain peculiarities. The anal lobe 
develops a pair of posterior (auricular) appendages, and the ciliated ring, 
besides growing out into the normal eight appendages, has a pair of short 
blunt anterior and posterior lobes. An extra pair of non-ciliated accessory 
mouth ai'ins appears also to be developed. Ciliated epaulettes are not 
present. So far as is known the Clypeastroid larva is chiefly characterized 
by the round form of the anal lobe. The calcareous rods are latticed. In the 
Pluteus of Spatangoids there are (fig. 263) five pairs of arms around the 
mouth pointing forwards, and three arras developed from the anal lobe 
pointing backwards. One of these is unpaired, and starts from the apex of 
the anal lobe. All the arms have calcareous rods which, in the case of the 
posterior pair, the antei'olateral pan*, and the unpaired arm of the anal lobe, 
are latticed. Ciliated epaulettes are not developed. 

Viviparous larvte of Echinoids have been described by Agassiz^. 

Tire development of the peinnanent Echinus has been chiefly woi'ked out 
by Agassiz and Metschnikoff. 

In the Pluteus of Echinus lividus the first indication of the adult arises, 
when three pairs of arms are already developed, as an invagination of the 
skin on the left side, between the posterior and anterolateral arms, the 
bottom of which is placed close to the water-vascular vesicle (fig. 266 B, «/). 
The base of this invagination becomes very thick, and forms the ventral disc 
of the future Echinus. The parts connecting this disc with the external 
skin become however thin, and, on the narrowing of the external aperture of 
invagination and the growth of the thickened disc, constitute a covering for 
the disc, called by Metschnikoff the amnion. The water-vascular vesicle 
adjoining this disc grows out into five processes, forming as many tube feet, 
which cause the surface of the involuted disc to be produced into the same 
number of processes. The external opening of the invagination of the disc 
never closes, and after the development of the tube feet begins to widen 
again, and the amnion to atrophy. Through the opening of the invagination 
the tube feet now project. The dorsal and right surface of the Pluteus, 
which extends so as to embrace the opening of the madreporic canal and 
the anus, forms the abactinal or dorsal surface of the future Echinus 
(fig. 267, a). This disc fits on to the actinal invaginated surface which arises 
on the left side of the Pluteus, On the right surface of the larva (doi'sal of 
permanent Echinus) two pedicellarim appear, and at a later period spines 
are formed, which are at first arranged in a ring-like form round the edge of 
the primitively flat test. While these changes are taking place, and the two 
surfnees of the future Echinus are gradually moulding themselves so as to 

’ Vhh: eKpi.-cially Miiller, Agassiz, and Metschnikoff. 

“ por viviiianms Echini Agassiz, Proc, Anier. Acad. 1876. 
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form what is obviously a young Echinus, the arms of the riuten.s wit' 
contained skeleton have been gradually undergoing atrophy. They 1 
irregular in form, their contained skeleton breaks up mio small picts 
they are gradually absorbed. 

The water-vascular ring is from the lirsl comj)lelc, .so that, 
Asterias, it is perforated through the centre by a new (osopb.igus. Arc 


Fig. 366. SlDB AND DOaSAI, VIEW OK A l.AllVA nlf .SriiuNOVl.orKN’rutrs, 
(From Agassix.) Gencnil reference letters us in lign. 364 uml 365. 
a", .anterolateral arms; v". ciliated epaulettes; 1'.'^ invagimithm to hu'm llu* disc 
of Echinu^, 

to Agassiz the first five tentacles or tube feet grow into the radial canals, 
and form the odd terminal tentacles exactly as in Asioriash Spatangus 
only differs in development from Echinus in the fact that the optming of the 
invagination to form the ventral disc becomes completely chjsi-d, ami that 
the tube feet have eventually to force their way through the larval tijiidermis 
of the amnion, which is ruptured in the process and eventually thrown 


Orinoidea. The larva of Antedon, while .still within tl; 
egg-shell, assumes an oval form and uniform ciliation. Befw-c 

1 Gotte (No. 549) supported by Muller’s and Krohn>.s older, and in muik- iioin 
extremely erroneous observations, has enunciated the view that the radial canals 
Echinoids and Holothuroids have a different nature from those in Asteroid's -u 
Ophiuroids. . ^ 
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becomes hatched the uniform layer of cilia is replaced by four 
transverse bands of cilia, and a tuft of cilia at the posterior 
extremity. In this condition it escapes from the egg-shell 


Fig. ■267. Futj.-grown larva of Strongylocentrils. (From Agassiz.) 
The figure shews the largely-developed abactinal disc of the young Echinus 
enclosing the larval .stomach. Reference lettens as in previous figs. 

(fig. 268 A), and becomes bilateral, owing to a flattening of the 
ventral surface. On the flattened surface appears a ciliated 
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depression corresponding- in position with the lunr (-losed Ijlas- 
topore {vide p. 550). The third ciliated band bf;nds forward 
to pass in front of this (fig. 269). Behind the last ciliated band 
there is present a small depresHton of unknown function, also 



Fig. 268. Thrke stages in the devei,oi>mhnt oe Aktedo.n (Comatci.a.) 
(From Lribbock; after Thomson.) 

A. larva just hatcheil ; B, larva with nuliment of the calcareous plaits; I’miia- 
crinoid larva. . ■ 
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situated on the ventral surface. The posterior extremity of the 
embryo elongates to form the rudiment of the future stem, and 
a fresh depression, marking the position of the future mouth, 
makes its appearance on the anterior and ventral part. 

While the ciliated bands are still at their full development, 
the calcareous skeleton of the future calyx makes its appearance 
in the form of two rows, each of five plates, formed of a network 
of spicula (figs, 268 B and 269). The plates of the anterior ring 
are known as the orals, those of the posterior as the basals. 
The former surround the left, zlt’. anterior 
peritoneal sack ; the latter the right, i,e. 
posterior peritoneal sack. The two rows 
of plates are at first not quite transverse, 
but form two oblique circles, the dorsal 
end being in advance of the ventral. 

The rows soon become transverse, while 
the originally somewhat ventral oral 
.surface is carried into the centre of the 
area enclosed by the oral plates. 

By the change in position of the 
original ventral surface relatively to the 
axis of the body, the bilateral .symmetry 
of the larva passes into a radial .sym- 
metry. While the fir.st .skeletal elements 
of the calyx are being formed, the 
skeleton of the stem is also established. 

The terminal plate is first of all esta- 
bli.shed, then the joints, eight at first, of 
the stem. The centro-dorsal plate is 
stated by Thomson to be formed as the ^opore. 
uppermost joint of the .stem \ The larva, after the completion 
of the above changes, is shewn in fig. 268 B, and somewhat more 
diagrammatically in fig. 269, 

After the above elements of the skeleton have become es- 
tablished the ciliated bands undergo atrophy, and shortly after- 

1 (5(iUo (No. oil)) on the other hand holds that the centro-dorsal plate is developed 
by the coalescence of a series of at first independent rods, which orij:>inate simul- 
taneously with, and close to, the lower edges of the ba.sals, and that it is therefore 
similar in its origin to the basals. 



Fig. efig, Lauva of 
ANTICDON Wri'It RtiniMK.M’I'S 
OF CAT.CARICOliS SICI'.I.KTON. 
(From Car] tenter; after 
'riiomson, ) 

I. Terminal plate at the 
end of the .stem ; 3. basals ; 
or, orals; position of !)!as- 
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wards the larva becomes attached by the tc'rniiiial plaL; of its 
stem. It then pa.sse.s into the Pentacrinoid stap;e. d’lu' larva in 
this stage is .shewn in %. 268 C and fig. 270. New joiut.s are 
added at the upper end of the stem next tlu; calyx, and a new 
element — the radials — makes its appeanincc as a ring- of llva: 
small platc.s, placed in the space between tlie l>asa1s and urals, 
and in the intervals alternating with them 
(fig, 270, 4). The roof of the oral vc.sti- 
bule {vide fig. 253 and p. 551) has in 
the meantime become ruptured ; and 
the external opening of the mouth thus 
becomes established. Surrounding the 
mouth arc five pctal-like lobes, each of 
them supported by an oral plate (fig. 

268 C). In the intervals between them 
five branched and highly contractile ten- 
tacles, which were previously enclo.sed 
within the vestibule, now .sprout out : 
they mark the position of the future 
radial canals, and are outgrowths of the 
water- vascular ring. At the l;)ase of each 
of them a pair of additional tentacle.s Is 
soon formed. Each primary tentacle cor- 
responds to one of the radials. These 
latter are therefore, a.s their name implies, 
radial in position; while the basals and 
orals are intcrradial In addition to the 
contractile radial tentacles ten non-con- 
tractile tentacles, also diverticula of the 
water- vascular ring, arc soon formed, two 
for each interradius. 

In the course of the further develop- 
ment the equatorial space between the VfVJNdi'KN- 

orals and the basals enlarges, and gives 
rise to a wide oral disc, the sides of which 'rhumson.) 

are formed by the radials resting on the 

ba.sals ; while in the centre of it are I'assRs; 4. ratUuL; m-ak 
placed the five orals, each with its special lobe. 

The anus, which is formed on the ventral side in the ijositiou 
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of the blastopore (p. 551), becomes surrounded by an anal plate, 
which is interradial in position, and lies on the surface of the 
oral disc between the orals and radials. On the oral plate in 
the next interradius is placed the opening of a single funnel 
leading into the body cavity, which Ludwig regards as equiva- 
lent to the opening of the madreporic canal {%nde p. SSi)‘. 

From the edge of the vestibule the arms grow out, carrying 
with them the tentacular prolongation of the water-vascular ring. 
Two additional rows of radials are soon added. 

The stalked Pentacrinoid larva becomes converted, on the 
absorption of the stalk, into the adult Antedon. The stalk is 
functionally replaced by a number of short cirri springing from 
the centro-dorsal plate. The five basals coalesce into a single 
plate, known as the rosette, and the five orals disappear, though 
the lobes on which they were placed persist. In some stalked 
forms, e.g, Rhizocrinus Hyocrinus, the orals arc permanently 
retained. The arms bifurcate at the end of the third radial, and 
the first radiiil becomes in Antedon rosacea (though not in all 
species of Antedon) concealed from the surface by the growth of 
the centro-dorsal plate. An immense number of funnels, leading' 
into the body cavity, are formed in addition to the single one 
present in the young larva. These are regarded by I Aidwig as 
equivalent to so many openings of the madreporic canal ; and 
there arc developed, in corrc.spondeiice with them, diverticula of 
the watcr-va.scular ring. 

Comparison of Echinoderm Larva': and General Conclusions. 

In any compari.soii of the various types of Echinoderm larva: 
it i.s necessary to ilistinguish between the free-swimming forms, 
and the \'iviparous or fixed forms. A very superficial examina- 
tion suffices to shew that the free-swimming forms agree very 
much more closely amongst themselve.s than the viviparous 

‘ r havo miult; ni> allLMiijiL to lUscuss tlie himiologies of tlie plates of the larval 
Evhiuodennaia livcavise, the eviteria for such a discussion are still in dispute. The 
siui;pjHl ive memoirs of I*. IT. Clarpcnter (No. .'>48) oil thi.s sulyect may be consulted hy 
the reader. Earjieiiter attemjils to found his homologies on the relation of the plates 
to the primitive poriloueal vesicles, .and 1 am inclined to believe that this method of 
dealing with these houudttgies is the rigid one. laidwig pNo. 551)) liy regarding the 
opening of the madrejioric canal as a fixed point has arrived at very different results. 
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forms, VVe arc therefore justified in conclitdiiii.;' that in tlu; 
viviparous forms the development is abbreviated and modified. 

All the free forms are nearly alike in their earlie.st stapi; afUa* 
the formation of the archentcron. The .surface hciween Hu; 
anus and the future mouth bccomcH llatten(;(l, and ((;\t:(>|>t in 
Antedon, Cucumaria, Psohnus, etc. which practical]}' liax'c- an 
abbreviated development like that of the viviparou.s forms) a 
ridge of cilia becomes c.stabli.shed in front of the mouth, aiul a 
second ridge between the mouth and the anus. 'This larval 
form, which is shewn in fig. 264 A, is the tyjjc from which the 
various forms of Echinoderm larva; start. 

In all cases, except in Bipinnaria, the two ciliated ritlges 
soon become united, and con.stitute a single longitudinal po.st- 
oral ciliated ring. 

The larva; in their further growth undergo various changes, 
and in the later stages they may be divided into two gnni])s : 

(1) The Pluteus larva of Echinoids and Ophiuroiils. 

(2) The Auricularia (Holothuroids) aiul Ihpinnaria ( Aster- 
oids) type. 

The first group is charactorij^.ed by the grt.)wth of a muniicr 
of arms more or less surrounding the mouth, aiul supportetl 
by calcareous rods. The ciliated baiul retains its primitive 
condition as a simple longitudinal band throughout larval life. 
There is a very small pne-oral lobe, while an anal lobe is very 
largely developed. 

The Auricularia and Bi- 
pinnaria resemble each other 
in shape, in the development 
of a large pne-oral lobe, and 
in the absence of provisional 
calcareous rods ; but differ in 
the fact that the ciliated band 
is single in Auricularia (fig 
271 A), and is double in Bi- 
pinnaria (fig. 271 B), 

TheBipinnarialarvashews 
a great tendency to develop 
soft arms; while in the Auri- 
cularia the longitudinal ciliat- 
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Pig. 371. A. Thk or a lloi.o. 

TirUROm, 15. TuK r.AtU’.A ok as Astk- 
RIAS, 

m. mouth; st, .slunudi; a, umi!,; /„•. 
primitive IcmgiUulinul cilii\U;<\ /r.f. 

proc-oral ciliated band. 
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ed band breaks up into a number of transverse ciliated bands. 
This condition is in some instances reached directly, and such 
larv£E undoubtedly approximate to the larva; of Antedon, in 
which the uniformly ciliated condition is succeeded by one with 
four transverse bands, of which one is pra;-oral 

All or nearly all Echinoderm larvse are bilaterally symmetrical, 
and since all Echinodermata eventually attain a radial sym- 
metry, a change necessarily takes place from the bilateral to the 
radial type. 

In the case of the Holothurians and Antedon, and generally 
in the viviparous types, this change is more or less completely 
effected in the embryonic condition ; but in the Bipinnaria and 
Pluteus types a radial symmetry does not become apparent till 
after the absorption of the larval appendages. It is a re- 
markable feet, which seems to hold for the Asteroids, Ophiur- 
oids, Echinoids, and Crinoids, that the dorsal side of the larva is 
not directly converted into the dorsal disc of the adult; but 
the dorsal and right side becomes the adult dorsal or abactinal 
surface, while the ventral and left becomes the actinal or ventral 
surfece. 

It is interesting to note with reference to the larvm of the 
Echinodermata that the various existing t3^pcs of larva; must 
have been formed after the differentiation of the existing groups 
of the ICchinoiIermata ; otherwise it would be necessary to adopt 
the impossible position that the different groups of Ecliinoder- 
mata were severally descended from the different types of larvm. 
The various special appendages, etc. of the different larvm have 
therefore a purely secondary significance; and their atrophy 
at the time of the passage of the larva into the adult, which 
is nothing else but a complicated metamorphosis, is easily ex- 
plained. 

Originally, no doubt, the transition from the larva to the 
adult was very simple, a.s it fe at present in most Holothurians ; 
but as the larva; developed various provisional appendages, it 
bticame iu;ct;ssar}^ tliat these should be absorbed in the passage 
to the adult state. 

It would obviousl)' be atlvantageous that their absorption 
should be as rajiid us‘ possible, since the larva in a state of 
transition to the; adult would be in a very di.sadvantageoiis 
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position. The rapid mctamorplioai.s wliich we hnd in Asteroids, 
Ophiuroids, and Echinoklsjn the pa.s.sa^c from the larval to the 
adult state, has no doubt arisen for this reason. 

In spite of the varying provisional a]>pt‘n(lag(rs posses.stsl by 
Kchinodcrni larv:c it is possible, a.s .stated alxtve (p. S/.p, to 
recognise a type of larva, of which all tlu* existing; Echinodenn 
larval forms arc modifications. This type doc-s not appt'ur to 
me to be closely related to that of the larva* of any group 
described in the preceding pages. It has no doubt certain 
resemblances to the trocliosphere larva of Climtopoda, Mollusca, 
etc., but the differences between the two types are mon; striking 
than the resemblances. It firstly differs from the trocliosphere 
larva in the character of the ciUation. Both larva*, start from the 
uniformly ciliated condition, but while the pne-(»ral ring is almost 
invariable, and a pcri-anal ring very common in the Irocho.spherc; 
in the lichinoderm larva .such rings are nireh* found ; and tw’tm 
when pre.sent, i.e, the prm-oral ring of Bipinnaria and the terminal 
though hardly peri-anal patch of AiUanlon, tlo not, r{;set\d)li? 
closely the more or less similar stnictuivs of the troehosphere. 
The two ciliated ridges (fig. 2634 A) common to all the Eehino" 
derm larvne, and subsequently continuetl into a longitudinal ring, 
have not yet been found in any trocho.sphcre. 'I'ln.; transverse 
ciliated rings of the Ilolothurian and Trinoid larva* an: of no 
importance in the comparison beUvecn the troehosphere larva* 
and the larvm of Echinodermata, since such rings an* fretjuently 
secondarily developed, Cf. Pneumodermon and Dentalium a- 
mongst Mollusca. 

In the character of the pne-oral lobe the two types again 
differ. Though the pnc-oral lobe is often found in ICehinodenn 
larvse it is never the .seat of an important (supra o*sophug('al) 
ganglion and organs of special sense, as it invariably is in the 
troehosphere. 

Nothing like the va.so-pcritoncal vesicles of the Id-lnnodenn 
larvm has been found in the trocho.sphcre; nor liavi.* tht: cluirae- 
teristic troehosphere excretory organs been found in the; h'.chino- 
derm larvEe. 

The larva which most nearly approaches tho.se of the Jtchino- 
dermata is the larva of Balanoglo.s.sus ' dc.scrihed in the n(.:xt 
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CHAPTER XXL 


b:nteropneusta. 



Tht5 larva of Balanoglossus is known as Tornaria. The prae- 
larval development is not known, and the youngest stage (fig. 
272) so far described (Gdtte, No. 560) has 
many remarkable points of resemblance to 
a young Bipinnaria. 

A mouth (w), situated on the ventral 
surface, leads into an alimentary canal with 
a terminal anus {an), A prm-oral lobe is 
well developed, as in Bipinnaria, but there 
is no post-anal lobe. The bands of cilia 
have the same general form as in Bipin- 
narta. There i.s a pn;e-oral Irand, and a 
longitudinal post-oral band ; and the two 
bands nearly meet at the apex of the pne- 
oral lobe (fig. 273). A contractile band 
passes from the (e.sojihagus to the apex of 
the pne-oral lobe, and a diverticulum (fig. 272, JV) from the 
alimentary tract, directed towards the dorsal surface, is present. 
Contractile cells are scattered in the space between the body 
wall and the gut, 

In the following stage (fig. 274 A) a conspicuous transverse 
post-oral band of a single row of long cilia is formed, and the 
original Ijands become more sinuous. The alimentary diverti- 
culum of the last stage becomes an independent vesicle opening 
by a pore on the dorsal .surface (fig. 274 A, w). The contractile 
cord is now inserted on this vesicle. Where this cord joins the 
apex of the prax^ral lobe between the two anterior bands of 
cilia a thickening of the epibla.st (? a ganglion) has become 
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established, and on it arc placed 
two eye-spots 273 oc, and 
fin-. 274 A). A dcc]) bay is 
formed on the ventral surfataj of //• 
the larva. 

As the larva i^^rows older the | 
original bands of cilia become 
more sinuous, and a second 
transverse band with small cilia 
is formed (in the Mediterranean 
larva) between the previous 
transvcr.se band and the anii.s. 

The watcr-va.scular vesicle is 
prolonged into two .spur.s, one m 
on each side of the .stomach. 

A pulsating vesicle or heart i;; 
al.so formed (fig. 274 11, /’/), ;ind arl: 
(No. 572 ), as a thicken- 
ing of the epidcrmi.s. 

It sub.scqucntly be- 
comes enveloped in a /\ 

pericardium, and is 
placed in a depression f 

in the water-vascular / I '■ j 
vesicle. Two pains of / ^ ' 1 

diverticula, one behind 1 ' % 

the other, grow out 
(Agas.siz, No. 568 ) from 
the gastric region of , _ 

the alimentary canal. 

The two parts of each ' 

pair form flattened 
compartments, which 
together give rise to a 
complete investment of F,fj, 

the adjoining parts of ‘‘vTornaiua. 
the alimentary tract. f " 

The two parts of each he.'irt; e, luidy 
coale.scc, and tluis form rchadSiTffollS 
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;i cloxiblc-wrillcil cylinder round the alimentary tract, but their 
. cavities remain sc;])aratc^d by a dorsal and ventral septum. 

Iwentually (Speiu.''er) the cavity of the anterior cylinder 
forms the section of the boily cavity in the collar of the adult, 
and that of tint |)f)slei'ior (fi!,'’. 274 B, c) the remainder of the 
Ixaly cavity. 1'lu; so])ta, separating the two halves of each, 
remain as dorsal and ventral me.sentcries. 

I'he c<.)nvt;rsion of 'rornaria (fig. 274 A) into Balanoglossus 
(fig. 274 B) is effected in a lew hours, and consists mainly in 
certain changes in configuration, and in the disappearance of 
the longitudinal ciliated band. 

The body of the young Balanoglossus (fig. 274 B) is divided 
into three regions (i) the iiroboscidian region, (2) the collar, 
(3) the trunk proper. 'The proboscidian region is formed by the 
elongation of the; pr;e~oral lolx; into an oval body with the eye- 
spots at its extremity, and provided with .strong longitudinal 
muscles. The heart Uu) and water-vascular vesicle lie near its 
base, but the contract ile coni con- 
necled with the latter is no longer 
present. moutli is placed on 

the ventral side at the Ixase of the 
pne~(a'al h)be, and imnieilialely be- 
hind it is the cadlar. ‘The remainder 
of the bfidy is more or h.'ss conical, 
and is still girt with tlu: larval 
transverst^ ciliatetl band, which lies 
in the midxlle of tin; g;as(ric region 
in the Mediterranean s])ecies, but 
in the o-sophageal reg.ion in the 
American oju;. 

'file whoh: of tlu- bod}.', iiudiiding 
the pnjboscis, becoiiu.rs richly cili- 
ated. 

One of the most important cha- j^iis ^v^TH iiKANemAi, 

racti.,a's of the adult Balanoglossus ' i.ki.'ts. (After A1 c\. 
consists in the presiuice ol respira- dii.4 \"eaf 
^ lory structures ctxmparable witli the vascular ve.sicle. 

vertebrate gill slits. 'The i;;irlicst traces of these .structures 
arc disliiualy formed while tin,; larva is still in the Toniaria 
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condition, as one pair of pouches frrnn the (csoplnupu; in llu; 
Mediterranean species, and four pairs in ihv. Anicrif.:m om; 
fe275, 

Tn the Mecliterraiiean Tornaria tlu; two p(iuclu-s nin;! the 
skin dorsally, and in the ymm^^ Ikilanoi.i'Iossus {Iw;. 27.1 1>, />;■) 
acquire an external opening on the dorsal side. In tlu; .Aima-iean 
species the first four pouches are without c'xlenud openinpM 
till additional pouches have been formed. Ih-esh gill p<melu;,s 
continue to be formed both in the American and probahlj- 
the Mediterranean .species, but the conversion of tlie simjdo 
pouches into the complicated gill structure of the adult 
has only been studied by Aga.ssiz (No. 508) in the American 
species. It would seem in the first place that the structure of 
the adult gill slits is much le.ss complicated in the American than 
in the Mediterranean species. The simple pouches ol'tlie j'ouug- 
become fairly numerous. They are at fir.st circular; the)' then 
become elliptical, and the dorsal wall of each slit becomes Ibldecl ; 
subsequently fresh folds are formed wiiich gri:aily increase the 
complexity of the gills. The external upenius,;'.s are uul aequired 
till comparatively late. 

Our knowledge of the dovelninnenl tif the inteni.tl urg.au;., mainly 
derived from Agassiz, is still imperfect, 'the vascular system ujipcars varly 
in the form of a dorsal and a ventral vessel, Inith pointed, and appartmlly 
ending blindly at their two extrcmilie.s. The two .sinirs of the w.itm' vum nlar 
vesicle, which in the Tornaria stage rested upr>n the stonuu'h, now :>,ruw 
round the uisopbagus, and form an anterior vuscul.ir rin;;, whii h Aj;assiz 
describes as becoming connected with the heart, thmiy.h it still ronmmnieute;. 
with the exterior by the dorsal pore .and seein.s to become conne.-[ed with llu: 
remainder of the vascular system. According to .Speugel (N<i, tlu* 
dorsal vessel becomes connected with the heart, whirii re.uiaiiis thrtui;;!) lib- 
in the proboscis : the cavity of the watcr-vascuinr vehicle forms llu* t*avii.y of 
the proboscis in the adult, and its pore remains as a dor.sal (not, as usually 
stated, ventral) pore leading to the exterior. 

The eye-spots disappear, 

Tornaria is a very interesting larval form, .since it i.s int<*r- 
mediatc in structure between the larva of an Itchinodcnu ami 
trochosphere type common to the Mollusca, Chudupochi, i‘t,c. 
The shape of the body especially the form cd' tlu* vmitral 
depression, the character of the longitudinal ciiiuletl band, llu: 
structure and derivation of the water-vascular ve.sick*, and tlie 
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formation of tlie walls of the body cavity as gastric diverticula, 
arc all characters which point to a connection with Echinoderm 
larva;. 

On the other hand the eye-spots at the end of the prm-oral 
lol)e\ the; contractile band passing from the a;sophagus to the 
eye-spots (fig. 273), the two posterior bands of cilia, and the 
terminal anus arc; all trochosplierc clniracters. 

The persistence of the pra:-oral lobe as the proboscis is 
interesting, as tending to shew that Balanoglossus is the sur- 
viving rciH'esentative of a primitive group. 
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condition, as one pair of pouches from the oesophagus in the 
Mediterranean species, and four pairs in the American one 
(fig. 275, 

In the Mediterranean Tornaria the two pouches meet the 
skin dorsally, and in the young Balanoglossus (fig. 274 B, br) 
acquire an external opening on the dorsal side. In the American 
species the first four pouches are without external openings 
till additional pouches have been formed. Fresh gill pouches 
continue to be formed both in the American and probably 
the Mediterranean species, but the conversion of the simple 
pouches into the complicated gill structure of the adult 
has only been studied by Agassiz (No, 668) in the American 
species. It would seem in the first place that the structure of 
the adult gill slits is much less complicated in the American than 
in the Mediterranean species. The simple pouches of the young 
become fairly numerous. They are at first circular; they then 
become elliptical, and the dorsal wall of each slit becomes folded ; 
subsequently fresh folds are formed which greaitly increase the 
complexity of the gills. The external openings are not acquired 
till comparatively late. 

Our knowledge of the development of the internal organs, mainly 
derived from Agassiz, is still imperfect. The vascular system appears early 
in the form of a dorsal and a ventral vessel, both pointed, and apparently 
ending blindly at their two extremities. The two spurs of the water- vascular 
vesicle, which in the Tornaria stage rested upon the stomach, now grow 
round the oesophagus, and form an anterior vascular ring, which Agassiz 
describes as becoming connected with the heart, though it still communicates 
with the exterior by the dorsal pore and seems to become connected with the 
remainder of the vascular system. According to Spengel (Nq. 572) the 
dorsal vessel becomes connected with the heart, which remains through life 
in the proboscis : the cavity of the water- vascular vesicle forms the cavity of 
the proboscis in the adult, and its pore remains as a doi-sal (not, as usually 
stated, ventral) pore leading to the exterior. 

The eye-spots disappear, 

Tornaria is a very interesting larval form, since it is inter- 
mediate in structure between the larva of an Echinoderm and 
trochosphere type common to the Mollusca, Chsetopoda, etc. 
1 he shape of the body especially the form of the ventral 
depression, the character of the longitudinal ciliated band, the 
structure and derivation of the water-vascular vesicle, and the 
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formation of the walls of the body cavity as gastric diverticula, 
arc all characters which point to a connection with Echinoderm 
larvae. 

On the other hand the eye-spots at the end of the prae-oral 
lobe^ the contractile band passing from the oesophagus to the 
eye-spots (fig. 273), the two posterior bands of cilia, and the 
terminal anus are all trochosphere characters. 

The persistence of the prae-oral lobe as the proboscis is 
interesting, as tending to shew that Balanoglossus is the sur- 
viving representative of a primitive group. 
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Corethra, 422, 423, 424 
Grangoninrc, 476 
Craniadaj, 311 

Craniata, 5, 6, 19, 20, 54, 56, 59, 6r, 63, 
64, 74, 102 

Crinoidea, 35, 36, 544, 550, 568, 576 
Criodilus, 321, 324, 328, 341 
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Crisia, 304 
Crocodilia, 63 

Crustacea, 5, 6, 18, 51, 66, 102, 109, 120, 
458) 4 ^ 5 , 4875 502, 521, 524, 537, 541 
Ciyptophialus, 4.99, 509 
Ciystalloides, 163 

Ctenophora, 26, 93, 102, 152, 173, 175, 
177, 17S, 179, iSo, 181, 182 
Ctenostomata, 292, 297, 298, 304, 305 
Cucullanus elegans, 46, 75, 82, 371, 376 
Cucumaria, 546, 556, 574 
Cumacete, 459, 465, 486, 506 
Curculio, 421 

Cyclas, 259, 260, 261, 265 
Cyclops, 376, 377, 418, 489, 503 
Cyclostomata, 102, 292, 304 
Cymbulia, 241, 242 

Cymotboa, 516, 517, 5x9, 520,524, 528 
Cynipidte, 15, 421, 42 8 
Cyphonautes, 297, 301, 304, 306, 30S 
Cypridina, 500, 502 
Cysticercus celluloste, 214, 217 
,, fasciolaris, 216 

, , liraacis, 213 

Daphnia, 79, 464 
Dasychone, 33X, 336 
Decapoda, 66, 248, 459, 465, 469, 304, 
511 

Dendroccela, 32, 33, 189, 195, 196 
Dentaliiim, 258, 576 
Desmacidon, 147 

Desor, type of, ig6, 197, 201, 202, 204, 
212, 424 
Diastopora, 304 
Dibranchiata, 225, 253 
Dicyeraa, 9, 131, 134, 135, 136 
Dimya, 225 
Diphyes, 159 
Diplozoun, II, 209, 210 
Diporpa, 210 

Diptera, 49, 194, 204, 396, 401,402,407, 
409, 4I2, 416, 420, 429 
Discina radiata, 317 
Discinidm, 31 1 

Discophora, iS, 42, 165, 346, 383 
Distomem, 189, 205, 425 
Distomum, 31 

,, cygnokles, 209 

,, globiparum, 207 

,, lanceolatum, 205 

Dochmius duodenale, 375 

,, trigonoceidxalus, 375 

Donacia, 401 

Dracimculus, 376, 377 

EcMnaster fallax, 23 

,, Sarsii, 102, 561 
Echinodermata, 5, iS, 24, 35, 74, 102, 
325, 424, 544, 573, 574, 576, 582 
Ecluiioidea, 35, 36, 544, 549, 565, 576 
Echinorhyncus, 379, 3S0 


Echinus lividus, 83, 84, 88 
Echiurus, 44, 357, 358 
Ectoprocta, 297, 306 
Edriophthalmata, 459, 465 
Elaphocaris, 473 

Elasmobi-anchii, 23, 56, 59, 61, 62, 64, 
67, 105, 106. 107, 108, 109 
Enopla, 1 89, 202 
Entoconcha mirabilis, 237 
Entomophaga, 421 

Entoprocta, 292, 298, 300, 302, 304, 306 
Epeira, 436 

Ephemera, 395, 409, 420, 422 
Ephyra, J86 

Epibulia aiirantiaca, 159, 165 

Erichthus, 484, 507 

Errantia, 319, 336 

Esperia, I47 

Estheria, 463, 464 

Euaxes, loi, 322, 324, 341, 346,34.9 

Eucharis, 178 

„ multicornis, 178 
Eucopepoda, 459 
Eucope polystyla, 23, 154 
Eunice sanguinea, 319 
Eupagurus prideauxii, 112, 113, 115, 511, 
520 

Euphausia, 465, 46S, 504, 505, 5 1 8, 523 
Eurostomata, 1 76 
Eurylepta auriculata, 192 
Eurynome, 483 
Euspongia, 1 46, 147 

Filar ia, 377 
Filaridm', 371 
Firoloidea, 240 
Flagellata, 7, 8 
Flustrelia, 301, 303 
Formica, 396 
Fungia, 182, 186 
Fusus, 275, 2S0, 284, 2S8 

Gammarus, 122, 51S 

„ Iluviatilis, 117 

,, locusta, no, 112 

Ganoids, 54, 102 

Gasteropoda, 39, 4I, 98, 225, 226, 229, 
230, 232, 233, 240, 258, 260, 261, 270, 
272,275,279,283,324 
Gasterosteus, 64, 210 ' 

Gastrotricha, 370 
Gasterotrochse, 330, 333 
Gecarcinus, 465 
Geophilus, 392, 393 

Gephyrea, 5, 18, 24, 44, 54, 67, 102, 
^ 31S, 320, 325, 355, 357, 361, 364 
Germogen, 134 
Geryonia hastata, 156 
Geryonidse, 156 
Glochidia, 267, 268 
Gnathobdellidm, 346, 349 
Gordiacea, 94 
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Gordioidcn., 371, 374, 37S 
Gorgonia, 168 

Gorgonidffi, 

Gorgonino;, 18 1 
Gregarinidre, 8 
Gryllotalpa, 401, 4i2j 4I3 
GiimmineK, 147,1 48 
(jymnoblastic Ilytlroids, 184, 18 s 
GyiiinoIa;niata, 292 

Gymnosomata, 225, 240, 24*, 242, 270 
Gyrodactylus, 210 

Halichondria, I47 
Halisarca, 23, 66 , 145 
Halistemma, 165 
Helicklai, 238 
Helioporidix;, iSa 
Helix, 67, 229 

ITeniiptera, 395, 402, 403, 409, 420, 421 
Hessia, loSj 492 
Heterakis vermicidaris, 374 
Heteronereis, 343 

Heteropoda, 71, 72, 225, 226, 231, 278 
Hexacoralla, 152, 179, 183 
Hippopodiiis gleba, 37, 159 
Hirudinea, 74 > 84 
Hirado, 350, 351, 352, 353, 354 
Holometabola, 420, 422 
Holostomnm, 205 

Holothuria, 19, 25, 35, 549, 558, 576 
Holothiiroidea, 35, 544, 553, 556 
Homarus, 477 
Hyaleacea, 273, 375 
Hyaleidse, 241 

Hydra, 21, 32, 26, 38, 39, 34, 153, 154, 
^155, 179, 183 
Hydractmia, 539 
Flydrocoralla, 152, 181, 185 
Hydroidea, 152 

Hydromeduss, 152, 179, 182, 183, 184, 
185, 186, 1S7 

Hydrophilus, 374, 396, 400, 401, 402, 
404, 408, 409 

Hydrozoa, 14, 19, 26, 27, 67, 102, 152, 
155> 165, I79> 180, 181, 182, 539 " 
Hymcnoptera, 396, 401, 402, 4I3, 420, 
421, 425 

Ichneumon, 396 
Inarticulata, 311, 316 
Inermia, 355' 

Infusoria, 7, 8 

Insecta, 5, 15, 18, 19, 23, 46, 395, 396, 
425, 4 s 5 > 458 
Intoshia gigas, 136 
Isidinm, 181 
Isodyctia, 147 

Isopoda, 109, 515, 519, 321, 523, 527 
Julus Moneletei, 387, 3S8, 389 
Kochlorine, 499 ; 


Lacertilia, 64 
Lacinularia, 221, 233 
,, socialis, 75 

Lamellibranchiata, 23, 23, 37, ,iy, y8, 
225, 241, 257, 258, 239, 269, 270, 271, 
273, 274, 388 
Lepadidce, 49S 

Lepas fascicularis, 324, 493, 494, 4.93 
Lepidoptera, 79, 396, 402, 407, 408, 4 12, 
413, 415, 4 I 7 > 420, 42 G 423, 42.G 426, 
455 . 

Leptodora, 16, 51 
Leptoplana, 74, 189, 192, 193 
I-.erni'eopoda, 490, 492, 520 
Leucifer, 507 

Libellulida;, 402, 403, 409, 420 
Liinax, 229, 332, 239, 378, 280 
Limnadia, 79, 524 
Liraulus, 534 
Lina, 402 

LingulidsE, 31 1. 316 
Lithobius, 393 
Lobatm, 178 

Loligo, 242, 243, 244, 247, 253 
Loricata, 507, 514 
Lota, 105 

Loxosoma, 292, 294, 396, 306, 307 
Lucernaria, 185 
Lumbricius, 341, 368 
,, . agricola, 321 
,, nibellus, 324 

,, trapezoides, 13, 331, 333 

Lumbriconereis, 334 

Lymnaeus, 82, 98, 226, 227, 232, 238, 
2S1 

Lycosa, 436 

Macrostomum, 32, 34 
Macrura, 476 
Malacobdella, 203 
Malacoderraata, 171 

Malacostraca, 66, 459, 462, 465, 504, 
505. 506, 51 1, 523 
Mammalia, 56, 58, 59, 64, 66 
Marsipobranchii, 59 
Mastigopus, 473, 474 
Medusm, 27, 154, 157, 158, 163, 164, 176, 
178, 181, 1S2, 183, 184, 183, 186 
Megalopa, 482, 483, 484 
Melolontha, 403, 421 
Memljranipora, 297, 303 
Mermithidtc, 371 
Mesotrochm, 330 
Mctachaeta;, 335 

Metazoa, 9, xo, *12, 67, 86, 125, 133, 149, 
ISO, 179 

MilJepora, r52, x8i 
Mitraria, 308, 337 
Molgula, X02 

MoHusca, s, 18, 24, 66, 74, 84, yy, 225, 
247, 248, 251, 256, 257, 262, 271, 285, 
307, 325, 33 .b 352, 582 
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Monomya, 2 2 5 

Monostomum capitellum, 205 

,, niiitabile, 205, 206 
Monotrochte, 330 
Moiitacuta, 260, 262 
Musca, 396 
MuscidcS, 420, 423 
Myobia, 444, 445 
Myrianida, 343 

Myriapoda, 22, Hr, 113, 3S7, 394, 395, 
4 i.b 458 
Myriothela, 155 
Myrmeleon, 396 

Mysis, 120, 469, 472, 4S6, 504, 509, 525 

Mytilus, 260, 261 

Myxinoids, 5 

Myxispongise, 14S 

Myzostomea, 369 

Nais, 342 

Nassa mntabilis, loi, 226, 227, 233, 262, 
278, 279, 2S8, 324 
Natantia, 487 
Natica, 237, 283 

Nauplius, 5, 16, 460, 461, 463, 465, 466, 
469. 473* 490, 491, 493> 497 
Nautilus porapilius, 253, 276 
Nebaliadai, 459, 465, 4S6 
Nematoda, 45, 46, 50, 66, 74, 75, 371, 
373. 374. 376 
Nematogens, 131 
Nematoklea, 18, 84, 94, 371, 374 
Nematus ventricosus, 13, 427 
Nemertea, 94, 189, 196, 202, 204 
Nemertines, 30, 31, 33, 93, 136, 195, 
302 , 328, 333, 424 

Nephelis, 82, 346, 349, 350, 351, 352, 

Nereis, 343 

,, diversicolor, 319 
,, Dumerilii, 343 
Neritina, 229, 237 
Neuroptera, 396, 401, 420, 421 
Neuroterus ventricularis, 428 
Notonecta, 395 
Nototroclia:,' 330, 353 
Nudibranchiata, 229, 241 

Ocellata, 184 
Octocoralla, 152, 179 
Octopus, 248 

Odontophora, 225, 257, 271 
Odontosyllis, 333 
Oedogonium, ii 

Oligoclma, 42, 319, 321, 325, 330, 33S, 

346, 352 

Olynthus, 1 44 

Oniscus murarius, I07, loS, 109, 120, 
516, 520, 528 
Opercula, 31 
Ophiothryx, 36, 549 
Ophidia, 64 


Ophiuroidea, 136, 544, 553, 562, 563, 

576 

Ophryotrochse pueribs, 333 
Opisthobranchiata, 225, 232, 237 
Oi-nithodelphia, 109 
Orthonectidre, 136 

Orthpiatera, 395, 4I4, 420, 421, 425, 426 
Ostracoda, 459, 500, 510 
Ostrea, 259, 260, 262 
OxyuridEfi, 46, 373, 374 
Oxyurus ambigua, 374 
,, vermicularis, 375 

Precilopoda, 534 
Paguridre, 477 
PalDemon, no 
Palaemonetes, 476 
Palremoninaj, 476, 511, 512 
Palinurus, 478, 480 

Paludina, 66, 227, 229, 235, 270, 27S, 
2S0 

,, costata, 229 

,, vivipara, 226 

Pandoi-ina, 1 1 
Parasita, 489 
Pedalion, 221 

Pedicelliiia, 98, 292, 296, 299, 307 
Pelagia, 167, 185 
Penteina;, 476 

Penceus, no, 113, 465, 469, 473, 474, 
504, 518 

Pennatulicla;, iSl 
Pentacrinus, 5 
Pentastomida, 539, 540 
Pentastomum denticulatum, S40, 541 
,, tcenoides, 539, 540, 541 
Percidre, 64 
Perennichada;, 335 
Peripatus, 5, 386, 411, 412, 413, 542 
Petromj'zon, 61, 63, 64, 74, S3 
Phalangella, 304 
Phalangidre, 436 
Phallusia, 83 

Phascolosoma, 44, 355, 356, 361 

Pholcus, 436, 442 

Phoronis, 315, 355, 363, 364 

Plioxinus lEsvis, 378 

Phryganea, 396, 401, 409 

Phylactolcemata, 292, 294, 297, 305, 306 

Phyllobothr-ium, 218 

Phyllodoce, 329 

Phyllopoda, i6, 459, 461, 505 

Phyllosoma, 479, 480 

Phylloxera, 429 

Physophoridae, 152, 162, 164 

Pilidium, type of, 196, 200, 201, 202, 204, 

424 

Pisces, 5 
Piscicola, 20, 43 
Pisidium, 259, 260, 262, 264 
Planaria Neapolitana, 193 
Planorbis, 273, 281, 325 
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Platyelminthes, iS, -20, 24, 321, 424 
Platj'gaster, 396, 416, 417, 418, 419 
Pleurobrachia, 176, 177, 238 
Pneumodermon, 342, 576 
Podostomata, 292 
Podiiridoe, 401, 405 
Polyclireta, 42, 319, 325, 338 
I'olydesmus complanatus, 387, 388 
Polygordius, 3x9, 325, 326, 327, 328, 
i532> 357>386 
Polynce, 42, 331 
Polyophthalmus, 328 
Polyplacopliora, 225, 254, 270, 27X5 288 
PoIystome£e, 189, 203, 209 
Polystomiim, 209 

,, integerrimum, 30, 31, 210 
Poly troclice, 330, 333 
Polyxenia leucostyla, 158 
Polyxenus lagurus, 387 
Polyzoa, 98, 303, 305, 306, 308, 315, 316 
Porcellana, 483 
Porifera, 102, 138, 148 
Porthesia, 115 
Prorhyncus, 32, 34 
Prosobranchiata, 225, 237, 281 
Prpstomum, 32, 34, 38, 196 
Protozoa, 8, g, 10, ii, 86, 135, 149 
Protozosea, 471 
Protiila Dysteri, 342 
Pseudoneuroptera, 426 
Pseudoscorpionidxe, 434 
Psoliniis, 356, 574 
Psychidse, 16 
Pteraster miliaris, 561 
Pteropoda, 98, 225, 226, 229, 230, 232, 
240, 258, 270, 272, 279, 283 
Pterotrachsea, 71, 229, 240 
Pulex, 396 

Pulmonata, 39, 223, 232, 238, 281, 282 
Purpura lapillus, 78 
Pycnogonida, 538 
Pyrosoma, 13, 53, log 

liana temporaria, 210 
llaspailia, 147 
Iledia, 206, 207, 208, 209 
Ileniera, 147 

Reptilia, 56, 59, 60, 61, 62, 64, 109 
Rhabditis dolichura, 82 
Rhabdocoela, 32, 33, 189, 196 
Rhabdopleura, 294, 306 
Rhizocephala, 459, 493, 499, 500 
Rhizocrinus, 3 . 

Rhizostoma, 167 
Rhombogens, 13I, 134 
Rhynchonellidce, 311 
Rhyncobdellidai, 346 
Rotifera, 5, 12, 18, 73, 76, 77, 79, S3, 
I02, 221, 308, 323 

Saccocin-us, 328, 329, 332, 340 
Sacculina, 500 


Sagartia, 169, 171 

Sagitta, 23, 74, 94, 130, 3<>6, 367, 368 
SalmonidEfi, 64 
Salpa, 102 
Sarcia, 164 

Scaphopoda, 225, 257, 270, 271 
SchistocepHalus, 21 1 
Schizopoda, 439, 465, 466 
vScolopenclra, 392 

Scorpio, 120, 431, 446, 454, 453, 437 
Scrobicularia, 38, 39 
Scyllarus, 477 
Scyphistoma, 179, 185, 186 
Sedentaria, 319, 336 

Sepia, 20,: 40, 4t, 242, 243, 244, 245, 
'Z47» 249, 253 
Sergestidxe, 473, 507 
Serpula, 319, 323, 331 
Sertularia, 152, 183, 184 
Silicispongise, I47 
Simulia, 401, 4X5 

Siphonophora, 13, 27, 132, 159, 163, 
165, 179, 180, 182, 185 
Sipunculida, 24 
Sipunculus, 44 
Sirex, 396 
Sitaris, 421 

Spathegaster baccarum, 428 
Spio, 42, 332, 333 
Spiroptera obtusa, 376 
Spirorbis Pagenstecheri, 319 
,, spirillum, 319, 336 
Spirilla, 252 
Spiriilirostra, 232 
Spongelia, 147 
Sjjongida, 138, 144, 148, 149 
Spongilla, 147, I50 
Sporocysts, 206, 207, 208, 209 
Squilla, 66 , 504, 507 
Stephanomia pictiim, 162, 165 
Stomatopoda, 459, 465, 4S4 
Stomodieum, 413 
Strongylkte, 371, 373 
Strongylocentrus, 567 _ 

Strongysoloma Guerinii, 387, 388, 390 
Stylasteridffi, 152, 18 1 
StylioIidiE, 24I 
Stylocliopsis ponticiis, 193 
Sycandra, 93, 138, 144, 145, 147, 150 
,, raphanus, 138, 174 
Syllis, 343 
„ vivipara, 319 
Sympodium coralloides, 16S 

Tjeniate, 178 
Tardigrada, 54 1 
Tegenaria, 436 

Teleostei, 18, 23, 56, 39, 64, 107, 109 
Telotrochm, 330 
Tendra, 300 
Tenthreds, 396 

Terebella conchilega, 332, 333, 337 
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Tercbella nebulosa, 333, 333 
Terebratula, 311, 315 
Terebratulina, 311, 315, 316 

,, septentrioiialis, 315, 316 
Teredo, larva of, 262 
Tcrgipes, 232, 238 

,, Edwardsii, 238 
,, lacinulatus, 238 
Tetliya, 147 
Tetrabranchiata, 225 
Tetranychus telarius, 116 
Tetrastemma vari color, 203 
Tlialassema, 44, 355, 357 
Thalassinidse, 477 
Thallopliytes, 1 1 
Thecidium, 31 1, 312, 315, 316 
Thecosoniata, 225 
Thoracica, 459, 493, 499, 500 
Thysanozoon, 192, 193 
Tliysanura, 395, 408, 425, 45S 
Tichogonia, 39 
Tipiila, 396 
Tipulidie, 420, 421 
Tcenia coenurus, 214 
,, echinococcus, 215, 217 
„ solium, 317 
Tornaria, 579, .S 81 
Toxopneustes, 22, 24, 35, 85, 88, 89 
Tracheata, 385, 426, 432, 448, 455, 457, 

458, S.18. 541 

rrachymedusm, 152, 156, 179, 1S5 
Trematodes, 14, 16, 29, 30, 31, 32, 33, 
46, 94, 189, 205, 208, 210, 212, 216 


Trichina, 377, 378 
Trichinidae, 371 
Trichocephalus aflfinis, 374 
Trochosphcera sequatorialis, 22 1 
Tubiporidse, 182 
Tubularia, 34, 38, 152, 154, 158 
Tubularidse, 29, 179, 183 
Tunicata, 5, 14, 53 

Turbellaria, 5, 30, 3I, 33, 74, 98, 102, 
136, 179, 1S9, 193, 333 
Tyroglyphus, 445 

Unio, 37, 38, 39, 100, loi, 259, 260, 265, 
266, 445 

Vaginulus luzonicus, 229 
Vermes, 5, 74, 102, 223, 324, 352 
Verongia rosea, 146 

Vertebrata, 14, 18, 19, 24, 59, 64, S3, 
272, 349. . 897 - 426 
Vesiculata, 184 
Vitrina, 229 
Vorticella, 8, 9, 10 

Wilsia, 164 

Xiphoteuthis, 252 

Zoantharia, 152, 168, 169 
Zorea, 465, 46S, 471, 474, 482, 483, 4S4, 
486, 504 
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